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INTRODUCT ION

Measurements of fluid flow speed may be made by utilizing the
Doppler shift of laser light scattered from small particles suspended
in the flowing fiuid. The principle of the Doppler shift is of course
well known, but only recently was a technique introduced by Yeh and
Cummins (1964) to utilize the Doppler shift of a Taser radiation to
successfully measure fluid flow speeds. Since that time there have
been a number of separate investigations reported in the literature
{see references). The instrument utilized in this investigation was
developed by a team of scientists at NASA/MSFC (Huntsville, Alabama),
Raytheon Company (Sudbury, Massachusetts) and Lockheed Missiles and
Space Company (Huntsville, Alabama). Much of the technology used was
originally developed in assembling a system to be used in subsonic and
supersonic gas flows with large quantities of particle entrainment
[Ro1fe et al. (1968)]. The system used in this study involved only
aerosols and particulate matter suspended naturally in the atmosphere.

Interest in application of the instrument has broadened currently
(1972) to a variety of practical situations where a remote-sensing
instrument has particular advantages over conventional velocimeters.
Two applications currently under research is for use as an airport
warning system for wéke vartex detection and as an air-borne system for
clear-air turbulence detection. A potentially important use of the
instrument is in meteorological investigations of the atmospheric
boundary layer. Further uses of the instrument could be for remote
air-pollution detection and for measurement of mass and momentum fluxes

in a variety of fluid flow fields.



In principle it is possible to measure "point" velocities in the
flow field with complete vector directional resolution. A laboratory
three-dimensional instrument is presently being investigated at
NASA/MSFC (Huntsville, Alabama), where also an atmospheric three-
dimensional arrangement is under research and deve]oﬁment. The instru-
ment used in this investigation was a one-dimensional co-axial system,
using a 25-watt CO2 Taser and back-scattered radiation. The direction
of wind velocity was resoived by utilizing an ordinary wind-vane
direction sensor,

The purpose of this research project waé to obtain measurements
of atmospheric velocities and turbulence with the laser Doppler system
and to compare the results with cup anemometer and hot-wire measurements

in the same wind field.

BASIC PRINCIPLES

The frequency of laser 1ight scattered by moving particles in a
flow field is shifted by the Doppler effect. The Doppler shift is
detected by optical mixing of the emitted or incident and scattered
beams. A variety of optical configurations is possible to accomplish
the optical mixing. In the present arrangement the back-scattered
radiation along the axis of the incident beam was redirected into the
laser to combine with the original laser beam. The resultant hetero-
dyne or "beat" frequency is equal to the difference in frequencies of
the emitted and scattered frequencies, and is directly proportional to
the particle speed. If the scatterers are small, and no relative velo-

city exists between the particle and the fluid, then fluid velocity is



measured. An infrared detector was used to convert the Doppler-shifted
frequency to a measurable electrical signal. The arrangement of the
system is shown schematically in Figure 1.

The laser Doppler velocity measurement system (hereinafter referred
to as the laser Doppler velocimeter and mnemonically denoted LDV} is
almost instantaneous and has the advantage that no prior calibration is
required as with other velocity instruments. The range of detectable
velocities is very large. There is minimal perturbation of the fluid
flow field by the laser radiation. The spatial resolution which is
fixed ﬁltimately by diffraction limitations can be controlled to a large
degree by size and optical quality of the lenses and mirrors.

A nonrelativistic derivation of velocity determination from the
Doppler shift frequency follows. A definition diagram relative to the
derivation is shown in Figure 2. For purpose of clarity, the scattered
beam is shown at an arbitrary éngle 8 from the direction of particle
motion. In the case of a coaxial system, ¢ = a.

The emitted monochromapic laser radiation of wave length o and
speed ¢ illuminates a particle having a velocity V. The direction of

the incident beam is defined by the unit vector v If the particle

o
is motionless, the number of waves incident on the particle per unit of
time is fo = c/ao, where ¢ is the speed of the laser radiation and Ao
is the wave length.

If the particle is in motion at an angle o with respect to the
incident beam, the frequency of the waves per unit of time relative to

the moving particle is

_ ¢ + Vcosa

f =
p A
V]
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Figure 2. Definition diagram for Doppler shift frequency.

which is also the frequency of the scattered waves relative to the
particle. The scattered radiation is directed toward a fixed point
along a direction ;s from point P. The frequency of the scattered
radiation relative to the particle is fp, but to a fixed observer
along Fs’ the wave length appears to be

_ € - Vcoss _ ¢ - Vcose

Ag fp “ ¢ + Vcose "o

and the frequency of the scattered radiation appears to be

f = g_{c + VCOSa)
s Ag € - Vcose

ylﬁ

S
which is rearranged to give

1+ Vcosa

fo= S € _)
S %1 - Vcose
C



The apparent shift in frequency, the Doppler shift, is

fD N fS - fo
or,
1
fp = i—{V(COSa + ¢c0s8))
0

using the approximation that l%l-<< 1.

For backscatter along the incident laser beam, & = a, thus

2Vcosa
f, = =——=—
D Ao
and
A_f f
V= <2 D __¢ D

" Pcosa  2coso f0

In particular the component of the particle velocity along the laser
beam axis'Vo is always determinable from
» f cf
_ . oD _"D
Vo = ¥coSa = —— = 57
0
The wavelength of the CO2 laser was 10.6 microns, thus the velocity is

given by

-
i}

5.3 x 10-% fD m/sec

or,

<2
il

.53 cm/sec/KHz Doppler shift.

DESCRIPTION OF THE LASER DOPPLER VELOCIMETER

The optical configuration of the LDV is shown schematically in
Figure 1. It consists of a 25-watt, 10.6u, CO, laser, beam splitters,

mirrors and attenuators, an f8 12-inch Newtonian telescope and a

liquid-helium cooled Ge-Hg infrared detector.



Based on relative power of 100 percent of the laser output
(nominal 25 watts), the power at the focal region F was about 60 per-
cent. The focal region is the sample space or volume from where the
scattered signal is effectively heterodyned. The relative power at
the detector was about 1 percent.

The laser radiation is focused at the desired range by a 2-in.
focusing lense L. A diagonal, 1-7/8 by 2-21/32 inches mounted on a
spider within the 15-in. diameter tube of the telescope, directs the
beam to & 12-in. diameter schlieren mirror mounted at the end. The
mirror is adjustab]é on a 3-point mount. Physical limitation of the
focusing lense movement limited the near range of the telescope focus
to about 60 feet from the mirror. The other limit of the telescope
focusing range is limited to about 250 feet by the size of the diagonal.
Of course if the power Toss from beam "spill over" at the diagonal is
not of concern the range can be extended. A curve of focal distance as
a function of lense movement is shown in Figure 3. The reference posi-
tion of the lense is arbitrary and made relative to 60 feet in the
figure. The range of the telescope relative to "performance" is also
diffraction limited [cf. Lockheed Missiles and Space Company (LMSC)
progress report D162417, July 23, 1970].

Spatial Resolution

The spatial resolution of the system is specified in terms of the
signal-to-noise, S/N, ratio. A calculation of $/N was made by LMSC
(tf. Appendix A, Interim Report D225028, June 1971). It has been shown
[Thomson and Dorian (1967)] that only radiation scattered from the

region near the focus of the telescope contributes most significantly
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to the Doppler signal. Nevertheless, there is some amount of heterodyned
signal attributable to scattered returns in the whole space of illumina-
tion. The ratio of S/N from the focal region in comparison to the total
S/N, then, is a method of defining the spatial resolution. A curve of
spatial resolution (axial dimension) as a function of focal range is

reproduced from the LLMSC calculations as Figure 4.

Signal Processing

There are several options for discriminating the Doppler shift in
frequency from the detector. These are:

1. Spectrum analyzer

2. Wide-band frequency discriminator
Filter bank

Doppler freguency tracker

o B W

Phase-locked receiver.

The merits, advantages and disadvantages are discussed by Rolfe et al.
(1968). In this system principal use was made of a spectrum analyzer
and to a limited extent of a frequency tracker.

Spectrum Analyzer - The Hewlett-Packard Model 8553B/8552A spectrum

analyzer used in this investigation is a swept superhetrodyne receiver.
A simplified block diagram is shown in Figure 5. Essentially the signal
frequency is compared with a harmonic of the local oscillator frequency
and the analyzer displays the signal directly in the freguency domain
as a carrier with its side bands. The center freguency is tuneable,
and a scan of the total band is selectable. The specfrum analyzer
resolution is determined by a selectable IF bandwidth. The scan time

can vary from 1 millisecond to 100 seconds for the selected scan width.
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If time intervals are too small, power output of the signal may be
too small to measure. On the other hand, for large time intervals the
output reflects the spectrum of particle speeds passing through the reso-
lution focal volume of the beam, and can give therefore only a spectrum
of velocities (Doppler frequencies) and not an "instantaneous" velocity
as a function of time. Clearly, for "instantaneous" velocities
the time interval should be consistent with the focal resolution volume,
convected particle speed and S/N ratio of the épectrum analyzer.

In order tb convert spectral information in frequency space to
velocity, use is made of the linear variation of velocity with Doppler
frequency shift. The frequency bandwidth of the spectrum analyzer is
"swept" at a rate consistent with resolution of the analyzer and the
power contained in the bandwidth is recorded on a conventional FM re-
corder in time space. Conversion from time to frequency hence to velocity
in principle is simple, requiring only a reference zero frequency and
known bandwidth or alternatively a calibrated external frequency. The
rate at which the spectral bandwidth is swept is controlled externally
to the spectrum analyzer. A schematic arrangement of the process inclu-
ding pkeconditioning of the detector signal is shown in Fiqure 6. A

typical time, frequency trace of the power output is shown in Figure 7.
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Doppler frequency tracker - A device which provides an output

voltage proportional to a given Doppler frequency is termed a Doppler
frequency tracker, or simply frequency tracker. The technigue is also
known as “frequency compressive feedback" or "frequency-locked 1oopﬁ
[cf. Rolfe et al. (1968)]. The Doppler frequency, fD(t), is heterodyned
with a local oscillator frequency. The local oscillator frequency, fLO’
is varied so that the difference fLO - fD is constant and equal to the
center freguency of a discriminator. The driving voltage of the local
oscillator is then proportional to fD’ hence to the velocity., A sche-

matic representation of the tracker is shown in Figure 8.
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TEST FACILITIES

The field site for the experiments was selected at the Colorado
State University airport (Christman field) located approximately three
miles west of the city of Fort Collins, Colorado {see Figure 9). The
test site has a clear field from northwest to northeast, and from south
to southwest. There are buildings and trees in the range from south to
east, although the nearest building is some 1100 feet away. To the west
is the foothills of the Rocky Mountains about a mile distant. The site
was selected on the basis of land and power availability and proximity to
the research center about 1/2 mile away. The dominant wind directions in
the area are north-south, as evident from the alignment of the runway,

although strong winds also blow over the foothills directly from the west.
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The site facilities included two towers and two trailer vans to
house the instruments and the LDV system. The arrangement shown in
Figure 10 was to provide clear wind fields to the north and south. As
winds seldom blow from the east, the instrument vans were located so
as to cause as little interference as possible to the wind field.

The 60-ft high tower was used to mount the wind profiling anemo-
meters. The 40-ft tower was used to mount mirrors to direct the laser
beam and also to mount the comparison instruments, a climet anemometer
and wind vane, and a hot wire for turbulence measurements. Photographs

of the established arrangement are shown in Figures 11 and 12.

INSTRUMENTATION

The arrangement of the various instruments in the laser instrument
van is shown in the photograph of Figure 13. The total instrumentation
for data taking and recording included the following:

Spectrum analyzer - The function and description of the spectrum

analyzer was given in a previous section,

Frequency tracker - This instrument was also discussed in the

earlier section.

Wide band frequency generqtor - A frequency generator of MHz range

was used to establish a calibration point for the spectrum analyzer.
Depending upon the prevailing wind speed, a calibration frequency was
selected near the extreme of the wind speed range and the scan width of
the spectrum analyzer was selected to contain this calibration freguency.

Frequency counter - R frequency counter was used to determine the

calibration frequency.
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Figure 11.

Instrument vans at
test facility.

Figure 12. Towers at test facility.
Profile tower is at left.

Figure 13.

Instrument arrangement inside
laser van.
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Function generator - A stable function generator was used to drive

the sweep of the spectrum analyzer IF at a rate consistent with the
spectrum analyzer scan time. A finite sweep time and "flyback” is
involved. A given combination of sweep duration and scan width has its
optimum IF filter bandwidth. A table of sample rates for various scan
time settings is given in Table 1, and bandwidths as a function of scan
width and scan time is given in Table 2. These tables were reproduced
from the LMSC report No. D162840 describing the operating procedures of
the LDV system.

Mirror poaition indicator and drive - The upper mirvor on the

40-ft tower had a motor drive to rotate the mirror about its vertical
axis. This permitted orientation of the laser beam into nominal align-
ment with the wind direction. The position of the mirror was indicated
by a 357 degree potentiometer. There were 3 degrees of ambiguity from
357 degrees to 360 {zero) degrees. The position pot of the mirror was
oriented so that zero was due east.

Climet wind translator - The translator presented wind direction

and speed as sensed by the cup anemometer and wind direction sensor
into recordable analog signals. The wind direction sensor was oriented
so that zero output coincided with due east. The analog signals were
then monitored on a dual channel strip chart recorder.

FM tape recorders - Two 14 channel FM tape recorders were used to

record the analog signals, one a CP-100 Ampex unit and the second an

FR-1300 Ampex recorder.

Temperature sensor - A standard bridge and amp1ifierkcircuity was

constructed for this study to measure the deviations in temperature of

the various thermistors from a reference unit.
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TABLE 1. MAXIMUM SAMPLE RATES FOR SELECTED SCAN TIMES
Spectrum Analyzer Maximum Sample External
Scan Time Rate SYNC Period
(Millisec/cm} (Hz) (sec)
0.5 165 0.006
1.0 69 0.0145
2.0 40 0.025
5.0 18.2 0.055
10.0 5.0 0.200
20.0 3.3 0.303
TABLE 2. MINIMUM BANDWIDTHS IN kHz FOR COMBINATIONS
OF SCANWIDTH AND SCAN TIME
Scan Scan Time, Millisec/Division
Width/cm 1.0 2.0 5.0 10.0 20.0 50.0
0.02 kHz 0.3 0.3 0.1 0.1 0.1 0.1
0.05 kHz 0.3
0.1 kHz - 1.0 0.3
0.2 kHz 1.0 0.3
0.5 kHz 3.0 1.0 0.3
1.0 kHz 3.0 1.0
2.0 kHz 3.0 1.0
5.0 kHz 10.0 3.0 1.0
10.0 kHz 10.0 3.0
20.0 kHz 30.0 10.0 3.0
0.05 MHz 30.0 10.0
0.1 MHz 100.0 30.0 10.0
0.2 MHz 100.0 30.0 10.0
0.5 MHz 300.0 100.0 30.0
1.0 MHz 300.0 100.0 30.0
2.0 MHz --- 300.0 100.0
5.0 MHz - -—- 300.0 100.0
10.0 MHz --- --- 300.0
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Hot-wire anemometer - A constant temperature hot-wire anemometer

was used to measure the atmospheric turbulence. A 100-ft long cable
was used for the probe and a cable capacitance compensator was used
for the long-length cable. The hot wires were calibrated with the
extra cable and compensator.

Time code generator - A time code generator in IRIG B format was

used to synchronize the two tape recorders. Usually the times were

synchronized with the National Bureau of Standards time broadcasts.

RECORDING OF TEST DATA

There were in all 26 separate pieces of continuous information
desired for each test. Two analog 14 channel FM recorders were needed.
However, two recorders were not available for all tests and some infor-
mation was therefore sacrificed. The sample data recording sheet shown
in Figure 14 indicates the data recorded on each channel of each
recorder. They were arranged in such a way that temperature and
humidity data were sacrificed when the second recorder was unavai1ab1el

The data can be grouped into the following sets. On the 60-ft
tower, six levels of wind speed were obtained to establish the vertical
profile of the wind field in which comparison data were taken. These
were grouped in the CP-100 Ampex recorder. Also, on the same tower,
there were six levels of temperature measurements to determine the
temperature profile and four levels of wet bulb temperatures to establish
the humidity profile. These were grouped on the FR-1300 Ampex recorder.
On the 40-ft tower the comparison instruments, the cup anemometer, the

wind vane, and the hot wire were mounted. These data together with the
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Teat No.

ATMOSPHERIC LASER DOPPLER VELOCIMETER PERFORMANCE VERIFICATION

0 NASA-MSFC Field Test Site, Hunisville, Alabama
O Airport Field Test Site, Foothille Campus, Colorado State Univ,, F't, Collins
[] Other

Test Conducted Between a, m. /p. m. and a. m. /p. m. on

{date)
METEOROLOGICAL DATA

Air Pollution Index: . Visibility: O Goed; [JFair; [OPoor
Sky Condition: [0 Clear: [ Light Clouds; [JMedium Clouds; [QHeavy Overcast
Temperature 9F; Relative Humidity % or Dew Foint °F:
Barometric Pressure mb; Anemometer{s) Locale

Time into Test (min} Q 15 30 45 &0
Mean Wind Speed {(knots, mph, ft/sec)
Mean Wind Direction (deg wrt north)

Laser Coolant Temperature {OF)

General Weather Conditions {frontal presence, rain in past 12 hours, etc,):

OPTICAL CONFIGURATION

Mirror QOrientation deg {wrt north)

Telescope mirror to lower tower mirror distance: H in.

Distance between top and bottom mirrors on tower; ft in.

Total distance {rom telescope mirror to focus vol: ft

Homodyne eonfiguration: ] Mach Zehnder; [J internal cavity

Laser power into telescope: watts; Power at focal volume; watts; He dewar check [}
Telescope mirror size; in. diam.; Lens focal length: in; Detector type: .

Comments:

SPECTRUM ANALYZER/AVERAGER DATA
Sweep Rate: ms/cm; Sample Rate; samples/aec.
Number of sweeps averaged per sample: .

Fregquency dispersion: MHz/crn. Filter bandwidth: kHz: Bandwidth: kHz,
Cther:

¥ RECORLER DATA - MODEL CP-100 AMPEX FM RECORDER DATA - MODLL FR-1300 AMPEX
Label Tape Reel with Test No. Label Tape Reel with iest w.
Tape No. ; Tape Speed 1ps; Response ez Tape No. ; Tape Spred ips; Response ez,
a. Ko Contents Kha. No. Content.  [iacd Tower Data)
1 NVoice: Test ident. etc. i dlierm,, ot aoab, tenp. jevel 2
F] Spect. analy. sync. pulse: 2 Therm., d:fr. Jry air level 3
3 Spect. analy. ¥ out, Freq. disp. 3 TTherm., J.f1. Jdri_air level |
4 hind dir. Climet volts —» Vwrt 4 [Thern. DT we Tuilp Jevel 1 ‘
5 Xind specd Climet volfs ——r fps 5 ‘Therm., diff. dr air Jeve] d i
[ MITrTOr azimuth volts —m wrt b Therm. , diff, wel bulh level J b
7 Hot wire ter 7 Therm., Jdi1ff. dry 417 lovel s .
[] Fined tower data - Wind sp. level | ] Therm., Jdiff. .ot cwi- lovel '
g Wind sp. level 2 G Tieerm., Giff. ors air leved o |
10 Wind sp. Jevel 3 10 Therm,, dift. wet “ull level & ;
11 Wind sp. level 4 kI Wind direvt.on toesel & !
12 Wind sp. Jevel 5 [¥ :
13 Wil sp. level o L3 X
14 Time code ident. TRIG B 14 [Time code sdent. [RIG R \
Aux_ Yoiue: Test Ldent. cte, !

AUDIO RECORD

O Test Identification Number; [J Spectrum Analyzer seflings (sweep rate, number sampiles averaged,
etc.}). OMean Wind; []Distance {rom telescope mirror to focal volume; [JVisual quality of mignal;
and [ Problems and other comments,

{Signed) Test Engineer

Figqure 14. Sample data sheet.
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spectrumrana1yzer signal and appurtenant data were grouped into the
CP-100 recorder. On one channel of each recorder there was an IRIG B
time code for referencing the two sets of data to corresponding times.
A voice channel (direct record) was reserved for verbal description of
conditions and problems which occurred during a test.

Data with a frequency tracker were taken during a period when the

second tape recorder was unavailable. Since two additional channels

were required to record the signals from the tracker, two levels of wind

speed data were sacrificed on the CP-100. These were levels 2 and 4.

TEST PROCEDURE

Pre-Test Preparation

Preparations for recording one-hour of continuous wind data and
associated documentation was elaborate and time-consuming. For any
given test, or attempted test, the following routine was necessary.

Cooling the Ge-Hg detector - The Ge-Hg detector was pre-cooled

with 1iquid nitrogen for a period of about one hour before filling

with 1iquid helium. This procedure was followed primarily to conserve
liquid helium, which is comparatively many times more expensive than
liquid nitrogen. Just prior to data-taking, after all preparations
were completed, the dewar of the detector was filled with liquid helium.

Optice alignment - Before each test, alignment of the optics was

necessary. A specific alignment procedure progressing outward from the
laser to the tower was'necessary. Although the beam splitters and

mirrors did not require frequent adjustment, the optical beam on which
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the focusing mirror was mounted required frequent adjustment. As the
scattered radiation was redirected back into the laser, slight mis-
alignment of the optical axis caused poor to no heterodyning, hence weak
or no Doppler detection. Since alignment of the focusing lense mount is
coupled with the diagonal and the schlieren mirror, a sequence of trial
and readjustment was usually necessary.

After the optical beam was adjusted, the diagonal required minute
adjustment to center the diverging radiation on the schlieren mirror.
The schlieren mirror in turn required adjustment to direct the converging
beam through the end of the 9-ft long tube. Thereafter, the entire
mounting table required movement to center the beam on the Towef external
mirror néar the base of the 40-ft tower. If the optics were bumped out
of alignment during this process, then the entire procedure was restarted.

Once the laser beam was centered on the lower mirror, then the Tower
mirror was adjusted to center the beam on the upper one, and finally the
upper mirror was rotated to direct the beam as closely as possible either
directly into the prevailing wind direction or downwind along the wind
direction, checking also to see that the beam was parallel with the
ground. To establish the Tatter, an identification mark on the adjacent
60-ft tower was used to place the 1ine of sight parallel to the ground,
hence the axis of the laser beam was in the horizontal plane of the mean
wind.

Profile tower - The thermistors on the 60-ft tower were arranged in

a radiation shield, with a suction pump arranged to draw 2 ft/sec air
velocity over the "dry bulb" thermistor and 30 ft/sec over the "wet bulb"
thermistors. Distiiled water was forced up the tower by air pressure

into water wells with wicks leading to the "wet bulb" thermistors.
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These thermistors were checked before each test and wicks were prewetted
to insure that the distilled water would be drawn up from the wells.

Hot-wire anemometer - The hot-wire anemometer which was dismounted

during a non-test period was remounted. The wire was placed in a verti-
cal axis and the probe was oriented toward the wind and in a location
such that there was no interference from the mirror, the cup anemometer

or the tower itself.

Pre-Test Calibration

Tape recorder - The FM record amplifiers of the tape recorder are

subject to slight deviations from calibrated conditions from day to day.
To account for these deviations, a five-level DC signal was provided as
a calibration of tape-recorded (and playback) voltage against a "true"
voltage registered by a calibrated digital voltmeter {DVM). Since in
the data set, a continuous square-wave signal was reéorded, the calibra-
tion set did not include a sinuscidal signal of known rms value.

Climet anemometerg - Both climet anemometer translators were

calibrated for zero and full scale 1 volt outputs and recorded on the
tape recorder. Prior to mounting the anemometers in the towers, all

cup anemometers as well as the hot wires were calibrated in the Colorado
State University wind tunnel against a pitot probe of known performance,
Calibrations were performed twice, in February and June 1971.

Mirror position - The mirror position, with zero oriented directly

east for convenience, was calibrated for zero and full scale ouput, with
the assumption of linearity with angular position. Since the position
was indicated by a potentiometer, the assumption seems justified.

Spectrum analyzer ~ Proper settings of the spectrum analyzer

controis were established consistent with the prevailing wind speeds.
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The sweep of the spectrum analyzer was triggered by an external square
wave from a stable function generator by a change from negative to posi-
tive voltage. A known deviation frequency was input to the spectrum
analyzer and the resultant signal from the IF output was recorded as the
frequency band was swept. This calibration thus provided the reference
for determining velocity from the Doppler shifted fréqdency of the back-
scattered radiation.

Noise calibration - The final pre-test calibration was made of the

background noise emitted from the detector. With the detector dewar
charged with liquid helium, and the main laser beam to the telescope
blocked, the output signal from the detector which consisted only of

noise was recorded.

Data Recording

After completing the pre-test preparations and calibrations, data
were récorded on the tape recorders for nominal periods of one hour
duration. Constant monitoring of the data was provided, and instrument
adjustments when necessary were properly recorded as to time and nature.

The turbulence range of interest extended only to a maximum of 5 Hz,
thus the CP-100 tape recorder was operated at 7% inches per second (ips)
and the FR-1300 recorder at 1—7/8 ips. The higher speed of the CP-100
recorder was necessary to record the Doppler signals from the spectrum
analyzer, At 7% ips the recorder amplifiers are responsive to 2.5 KHz.

Anomalies in the data noticed were recorded on a voice channel
(direct record) of the tape recorder, as well as on the data record

sheet (Figure 14).
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DATA REDUCTION PROCEDURE

A1l data for this investigation were analyzed digitally, the
digitizing being done in prescribed sets in simultaneous sample and
hold mode at the NASA-MSFC computer center. The digitized data were

analyzed at the Colorado State University computer center.

Selection of Digitizing Rates

The turbulent frequencies of interest in this study are less than
5 Hz, thus the digitizing frequency should be at 10 samples per second,
and aiso, because in general the recorded information should be related
to the same instants of time, a simultaneous sample and hold mode was
used in digitizing. The analog signals were filtered at 5 Hz (real-
time base). |

The scan rate of the spectrum analyzer for Doppler frequencies was
16 Hz. Since the Nyquist freguency is equal to one-ha]f sampling

frequency,

the highest frequency information contained in the recorded signal is
8 Hz. However, the usual criterion of digitizing rate to obtain this
frequency information does not apply. The objective in data reduction
was to determine the location (time base) of the Doppler signal with
reference to zero frequency, hence of Doppler fregquency and of wind
velocity. The bandwidth and resolution of the spectrum ané1yzer deter-
mines the nature of the Doppler signal. If we view the peak signal in
the bandwidth as depicting the mean velocity in the prescribed resolu-

tion interval, then the digitizing rate of the Doppler signal is
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independent of the spectrum analyzer settings. Thus with a view to
maximizing the frequency resq]ution {of the peak) in a given sweep,

a choice of 250 points per sweep was made. The choice of this digiti-
zing rate does however affect the total quantity of digitized data. Two
channels of information, the external function generator and the IF
output of the spectrum analyzer, were digitized at this higher rate,
multiplexed on digital magnetic tape in binary format. The sampling

rate for these channels was thus 4 KHz/channel and the data were filtered

at 2 KHz.

Multiplexed Data Groups

The 26 channels of analog information were digitized in three
separate groups.
Group 1 - The sweep signal (square wave) and the spectrum analyzer
IF(y) output were multiplexed and digitized at a rate of 4 KHz/channel.
Group 2 - The climet anemometer and wind direction sensor, the
mirror position, the hot wire output and six levels of wind speeds on
the profile tower were multiplexed and digitized at a rate of
10 Hz/channel.

Group 3 - The ten channels of thermistor data were multiplexed and
digitized at a rate of 10 Hz/channel.

The remaining four channels of voice, time codes and wind direction
on the profile tower were not digitized and were retained for reference.
The time code information was of course used to idehtify the regions of

the analog tape which were digitized.
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Data Format

The A/D converter used at NASA/MSFC generated data words of 10 bits
plus sign. The packed format of the multiplexed data therefore were
written in groups of 11 bits. The CDC 6400 at Colorado State University
is a 60-bit word machine, thus some tape reading problems were presented
with the original format of the generated data tape. In order to reduce
the reading prbblem, the original data tapes were reformated to give data
words which were 11 bits plus sign, or 12 bit words where a zero was
inserted into the most significant bit. The packed 12-bit data words
were thus conveniently separated and sorted from the 60-bit computer
word.

The data included a record of header information at the beginning
of each data set, and a 24-bit time word at the beginning of each data
record. This time word is a reference digitizing time, and relates to
real time in accordaﬁce with the ratio of record to playback tape speed.
However, for records of the order of 60 minutes real time duration, the
time word (expressed in milliseconds) becomes excessively large. Thus
the digitizing clock which recycles after 100 seconds requires accounting
of the cycles to convert digitizing time to real time as well as the

ratio of record to playback speeds.

Data Reduction

Laser Doppler signals - The bulk of data reduction involved the
Doppler signals. The view adopted in computer program formulation was
to devise a general, automatic program. This was successful to a
degree, however sufficient problems with data anomalies were encountered
that some initialization is necessary. Considerable time was spent in

developing this feature of a data reduction program. In retrospect,
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perhaps less automatic, sequential programs would be more economical in
terms of total effort. The flow chart for the program is shown in
Figure 15 and a Tisting is given in Appendix A.

The essential technique is as follows: Data from Group 1 (identi-
fied above), and the first channel of the multiplexed data of Group Z,
are necessary to convert the spectrum analyzer data to wind speed. If
the mirror direction varies in the data period, that information is also
required.

The cup anemometer wind speed, the hot wire data and the profile
information can be processed separately, but because the two groups of
data were arranged on different tapes and had to be read in "simulta-
neously" to analyze the Doppler signal, the program included processing
of these data at the same time. It should be noted here that several
alternative methods were recognized from the outset, and a one-pass
automatic program seemed feasible and most desirable. Ultimately the
profile data program was separated from the others and analyzed in a
separate pass. The flow chart in Figure 15 reflects this variation to
the original technique.

The program first determines the ihput-output calibration of DC
voltage. This calibration enables conversion of such data as wind and
mirror directions, cup anemometer speeds and hot wire turbulence velo-
cities from tape output voltage to true voltage hence to the physical
quantities. The next step in the analysis is to determine the calibra-
tion Doppler frequency. That is, the known frequency input is identi-
fied in the time space (number of points) from zero freguency, and
since velocity is linear with Doppler frequency, then calibration is

obtained for the velocity component along the laser axis. In order to
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Tape Calibration

\
Instrument Calibrations
{a) Wind direction

{b) Mirror direction
{c) Wind speed

'

Calculate Calibration
Frequency to Time

!

Determine Background
Noise Levels

@ >y

Analyze One Record
of Group 2 Data
(a) Wind direction
(b) Mirror position
(c) Hot wire velocity
(d) Cup anemometer velocity

44,,%

Analyze One Record
of Group 1 Data
{Doppler indicated velocity)

ime
Greater

No

Figure 15. Simplified Flow Chart of Doppler Data Reduction.
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distinguish the Doppler "peak" from the background noise, the noise
calibration established the noise level across the entire frequency
band of the spectrum analyzer. In the program the S/N ratio is a
variable and may be set at any level compatible with the recorded
Doppler signal. '

The first step in the data analysis is to read in one record from
the multiplexed Group 2 data. Each digital value is converted to velo-
city, and reference times for each value are calculated. The velocities
and reference times are stored. The cup and hot wire data are digitized
at identical times, thus one reference time serves both channels of
information. Means and variances are calculated. Wind direction voltages
are averaged for 10 seconds (one record) and converted to angle with
respect to the laser beam. The value is temporarily stored. The mirror
azimuth (direction} is averaged and checked. If no change occurred
(i.e. the mirror was not rotated) the information is redundant and
discarded.

The first record of Group 1 is then read in. Each spectrum analyzer
scan, approximately 250 points, is searched for zero frequency (the change
in voltage of the square wave from negative to positive identifies the
beginning of the sweep) and the Doppler signal. The reference time for
Doppler-converted velocity is referenced to the beginning of the sweep.
Successive sweeps and time words at the beginning of each record references
the true time of the calculated Doppler-measured velocity. The first
identifiable Doppler peak is accepted as the measured velocity. To deter-
mine the peak value, comparison is made to successive points, and if the
signal level (voltage) drops, the previous point is accepted as the

Doppler frequency. It is possible that in a given sweep there is no
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Doppler signal (signal dropout), in that event, the velocity determined
in the previous sweep is recorded. The Doppler-indicated velocity is
then converted to wind velocity by the 10-second average angle of the
wind direction with respect to the laser beam axis (mirror direction}.

There are 3000 data points {2 channels} in each record of the
Group 1 data. This corresponds to 6 sweeps of the spectrum ana]y;er
and 0.375 second in terms of real time. Successive records of Group
1 are read in and analyzed until the real time reference period
exceeds the real time period of the data read in from the Group 2
data. Additional Group 2 data are then read and reduced, and the
process repeated.

The stored values of velocities and reference times are periodically
purged from storage and written on a magnetic tape. Thus the entire test
record is converted to velocity-time history with the same reference
times for the cup anemometer and hot-wire data, but a different reference
time for the Doppler-indicated velocities.

The generated velocity-time history tape is then reprocessed to
obtain the ;tatistical characteristics of the turbulent wind data. These
characteristics are the mean, variance (standard deviation}, probability
density and spectral densities (power spectrum).

Veloeity profiles - The velocity profiles are calculated in a

straight forward manner, using the other six channels of data in Group
2. Only the mean values are of concern, and ten-minute average velo-
cities are calculated for each anemometer. The calibration data for
voltages, and the prior wind-tunnel calibrations, are all that

are required. A program listing is given in Appendix A.
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Temperature profiles - Temperature and humidity profiles likewise,

are relatively straightforward requiring manufacturer's calibration data
for the thermistors and conversion of average tape voltage to true
voltage. The resistances are calculated from a standard bridge equation,
hence temperatures are determined. The program listing is given in

Appendix A.

EXPERIMENTAL RESULTS AND DISCUSSION

Calibrations

Climet anemometers - Calibration curves of the climet anemometer,

Series No. 828, are shown in Figure 16. The calibration was performed

in a wind tunnel with the translator set for 1 volt output at 1896 Hz
input (signal frequency generated by the cup) for the 60 scale setting

on the translator. Ordinari1y; the translator is adjusted to output 1
volt for specific input frequencies on each scale. However, for purpose
Iof this calibration, adjustment was made for 1 volt output on the 60 scale
only (any frequency would have served as well) and outputs read from both
30 and 60 scales. In setting the translator during an experiment, there-
fore, adjustment was always made only for the 60 scale. The output is
Tinear with velocity as seen in the figure.

The CP-100 tape recorder has a low input impedance, causing a

loading problem with virtually all the instruments connected to it.

Thus the cup anemometers and hot wires were calibrated with the outputs
connected to the tépe recorder.

Hot-wire anemometer ~ A typical calibration curve for the hot-wire

anemometer is shown in Figure 17. For purpose of this investigation,

the King's law relationship is shown, and it is seen that in the region
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of interest, the curve was linear. A linearizer was not used with the
_anemometer. Instead, each digitized data point was converted to actual

voltage and velocity calculated from the calibration.

Measurements of Run 50801 (May 8, 1971)

The data for this test were taken from 1:48 pm to 2:45 pm, covering
a period of approximately one hour. At the beginning of the test the
wind was blowing from the south-southeast (30 degrees east from south)
which gradually changed to south-southwest (15 degrees west from south)
by the end of the test period. The wind speed was reasonably constant
at about 4 m/sec (9 mph) throughout the test period. Particle counts in
the atmosphere were not available for this test; however, with the pre-
vailing south wind, the pollution from Denver was evident as a blue haze
along the horizon. This was also reflected in the strength of the Doppler
signals on the spectrum analyzer.

Veloeity profiles - The velocity profiles for successive 10-minute

periods throughout the test are shown on Figure 18, The velocity profiles
were logarithmic as expected; however, the.s10pe of the profiles differ,
indicating that the effects of accelerating and decelerating wihds

(gusts) are reflected in the profiles. It will be seen in the time

traces of velocities that the fluctuations are of the same order of
magnitude as the means, and the mean values change with time. The
analysis to establish the profiles assumes piece-wise stationarity.

Spectrum analyser settings - The following settings were made on

the spectrum analyzer:
Sweep rate: 5 ms/cm

Sample rate: 16 sweeps/sec
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Frequency Dispersion: 0.2 MHz/cm
Filter Bandwidth: 10 KHz
Bandwidth: 30 KHz

The calibration frequency was 1.007 MHz (5.34 m/sec) which is
pictured in Figure 19. The noise level from the detector is shown in
Figure 20. The photograph is the oscilloscope trace from playback (at
record time) of the recorded signal on the CP-100. The signal is inver-
ted to avoid confusion with the square wave shown at the top part of the
picture. The vertical scale is 200 mv/cm.

Typical Doppler signals are shown in Figures 21 and 22. As noted,
the S/N ratio is large, but the spectral bandwidth is also large. Peaks
in the signal of the kind shown in Figure 21 are relatively easy to
determine; however, multiple peaks are evident in Figure 22. In these
instances, the first largest peak is detected, and the others ignored.
There were undoubtedly particles of different sizes in the focal region
with different angularity with respect to the laser beam axis which cause
the multiple peaks in a given sweep.

Velocity time traces - Time traces of velocity from the cup anemo-

meter, hot wire and the LDV, for two consecutive 4,26-minute periods are
shown in Figures 23 and 24. Mean velocities for each 4.26-minute
interval have been subtracted; the fluctuations thus-are referenced to
zero for each plot.

As seen in these traces, there is reasonable conformance between
the cup anemometer, hot wire and LDV outputs. It should be noted here
that the cup anemometer was at a level 11.3 meters above ground, the
hot wire was 0.3 meters below the cup level and the laser beam axis was

at the same level as the hot wire although the focal region was 3 meters
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Figure 19. Calibration frequency 1.007 MHz. Figure 20, Detector noise calibration.
Test 50801 Vertical scale is 200 mv/cm.
Test 50801

Figure 21. Sample Doppler signal. Figure 22. Sample Doppler signal.
Test 50801 Test 50801
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farther upwind. It should be noticed in making visual comparisons that
the vertical scales are different for the traces.

Means and variances - The means and variances from a 34-minute

interval of the total record were analyzed and are shown in Table 3.
The choice of a 34-minute period was based largely on the limitations
of the spectral analysis program. This was also a sufficiently large

period to reflect a reasonable confidence interval for the spectral

densities.
TABLE 3. MEANS AND VARIANCES FOR TEST 50801
4.26-Minute Mean Velocities m/sec - Variances (m/sec)?
Intervals Cup Hot Wire LDV Cup Hot Wire LDV
1 4.203 4,232 4.044 .612 . .604 .689
2 4,486 4,488 4.253 .539 , .524 672
3 3,762 3.799 3.585 .340 .258 .348
4 4,245 4,270 4.247 .458 . 355 .596
5 3.976 4.000 3.953 .444 . 340 .526
6 3.823 3.847 3.693 .342 - . 342 .503
7 3.618 3.642 3.489 .623 .598 .573
8 4.212 4.235 4.073 .461 .361 .674
Averages 4,041 4,064 3.917 472 413 .567

The mean wind speeds detected by the LDV is in overall 3 percent
agreement with the cup anemometer, and within 5 percent for any given
4.26-minute interval. The greater spread for smaller time intervals is
to be expected because of the spatial spread of sampling points for the

two instruments.
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The variances for LDV are larger than those detected by either
the hot-wire or the cup anemometer. It is surprising to note also
that the variances for the hot wire are less than that for both the
cup anemometer and LDV measurements. The greater variances for the
LDV results are due in part to the fact that only mean horizontal
angularity of the particle motion with respect to the laser axis is
included in the correction. Thus there are greater variations of
velocities from the mean. This is observed also in comparing the
mean speeds for the three data sets. The mean is lower for the LDV

as compared to cup speeds.

Probability distributions - The distributions of velocities about

the means for the three instruments are shown in Figure 25. These data
are in terms of standard deviations, and are not normalized so that
straight lines are drawn from one data point to another. The distribu-
tions are skewed to the right. This skewness is governed by the nature
of the turbulence in the atmosphere rather than by instrument response,
as it can be seen that all three instruments respond similarly. The
percentage of data near the mean is greater for the cup anemometer than
for the other instruments, as was suggested in the preceding paragraph,
the percent of low velocities appear to be greater for the LDV than for
either cup or hot wire measurements.

Spectral densities - The spectral densities for measured turbulence

in the atmosphere are shown in Figures 26, 27 and 28 for the cup, hot
wire and LDV instruments, respectively, and a comparison of the three
are shown on Figure 29.

There are apparent energy concentrations in'the spectra for the

cup anemometer and hot wires at 5 Hz which are also noted at 2.5 and
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1.25 Hz. These must be due to mechanical aliased freguencies from the
tape recorder, for they appear in the hot-wire and cup anemometer data
but not in the LDV data. Mechanical aliasing does not appear in the
LDV data because of the manner in which the velocity-time history is
generated (see section on data reduction).

If the aliased spectral densities are ignored, it can be seen that
the hot~wire and cup anemometer have identical spectra up to 0.4 Hz;
Beyond that frequency, the spectrum decreases because of the 1imited
frequency response of the cup anemometer. The cup anemometer data may
in principle be corrected by a frequency response function (see Camp
1965}, but in this study the correction was not made, as the comparison
spectrum for higher frequency is given by the hot-wire anemometer data.
The response of the constant temperature hot wire used here is up to at
least 1 KHz and the data were filtered at 5 Hz before digitizing.

As it is seen on Figure 29, the spectral densities for the LDV-
measured turbulence is slightly greater for frequencies less than 1 Hz,
but essentially parallel to the hot-wire data. For higher frequencies,
there appears to be more energy contained in the LDV-measured turbulence.
This must be aliased information because the hot-wire data do not show
this.trend.

The aliasing must arise from the technique used in data reduction.
While the spectrum analyzer is being swept (sampled) at a rate of 16 Hz,
thereby effectively establishing the Nyquist frequency, the velocity
time data cannot be filtered at 8 Hz before the sampling is done. That
is, turbulence of higher frequency transporting aerosol and solid parti-
cles in the atmosphere are sensed in the resolution volume of the LDV.

Thus in calculating the velocity from the sampled spectrum, the aliasing
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from higher frequency cannot be avoided. What is surprising, however,
is to note the magnitude of the aliased spectrum in the LDV-measured

turbulence indicated by the deviation beyond 1 Hz.

Measurements of Run 32701 (March 27, 1971)

The data for this test were taken from 3:30 pm to 4:18 pm, a period
of 48 minutes. The wind was essentially steady from the north-east (60
degrees east from north) at around 12 m/sec (27 mph). Particle counts
in the atmosphere were not available for this test. There was an arctic
front moving in from the north and the air was "clean." Visibility was
virtually unlimited. The laser beam axis was directed downwind in this
test because the direction of the wind was such that thé laser beam axis
would have been close to a vertical leg of the tower.

Veloeity profiles - The velocity profiles for successive 10-minute

intervals are shown on Figure 30. The profiles are logarithmic and the
mean velocities increased in the first 20 minutes of the 50-minute period
and decreased thereafter. The spread of mean velocities for the total
period varied from about 10.7 to 13 m/sec at the level of the focal re-
gion of the laser beam.

Spectrum analyzer settings - The settings of the spectrum analyzer

were as follows:
Sweep rate; 5 ms/cm
Sample rate: 16 sweeps/sec
Frequency dispersion: 0.5 MHz/cm
Filter Bandwidth: off
Bandwidth: 30 KHz
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Figure 30. Velocity profiles. Test 32701
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The calibration frequency was 4.009 MHz (21.2 m/sec) which is shown
in Figure 31. The noise level from the detector is shown in Figure 32.
The vertical scale in the oscilloscope trace is 100 mv/cm.

Typical Doppler signals are shown in Figures 33 and 34. As noted,
the S/N ratio is small and the spectral dispersion is also small. There
were larger periods of signal dropout, that is sweeps when there were
no detectable signals. In these instances the analysis was made assuming
that the velocity indicated in the current sweep was equal to that of the
previcusly detected velocity.

Velocity time traces - Time traces of velocity from the three

instruments are shown in Figures 35 and 36 for two representative
4-minute time intervals.

There is reasonable agreement between the cup anemometer and hot-
wire traces in general trend of mean velocities. However, the turbulent
fluctuations in the hot-wire signals are greater than that indicated by
the cup anemometer traces. The LDV signals have several peculiarities.
The fluctuations are clipped at both the upper and lower limits. These
clipped signals are results of the low $/N ratio and the computer pro-
gram. As indicated previously, the low particle concentration in the
atmosphere often caused no detectable signal in a given sweep of the
spectrum analyzer. In such instances the velocity was set equal to the
immediately-previous calculated velocity. At the lower end, the signal
was Tost in the noise {see the noise calibration trace of the oscillo-
scope) and a previously higher value was then identified as the velocity
for that sweep. There are noticeable high peaks in the LDV trace. It
is believed that these signals are spurious, resulting from identifica-

tion of high noise peaks as Doppler signals. The trend of mean
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Figure 31. Calibration frequency 4.009 MHz, Figure 32, HNoise calibration.
Test 32701 Vertical scale is 100 mv/cm
Test 32701

Figure 33. Typical Doppler signal. Figure 34, Typical Doppler signal.
Test 32701 Test 32701
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velocities is generally identifiable, but the comparison is not as
favorable as for test 50801.

Means and variances - The means and variances from a 34-minute

interval of the total record are given in Table 4.

TABLE 4. MEANS AND VARIANCES FOR TEST 32701

4,26-Minute Mean Velocities m/sec Variances (m/sec)?
Intervals Cup Hot Wire LDV Cup Hot MWire LDV
1 12.041 12.152 11.697 2,686 5.067 4,326
2 13.659 13.835 13.460 4,951 4,281 6.111
3 13.164 13.203 13.990 6.497 7.258 9.897
4 13.973 14.094 14,226 4.117 5.382 5.415
5 13.486 13.575 14.557 5.167 5.429 6.833
6 12.658 12.697 12.441 2.812 3.349 6.620
7 12.417 12.578 11.570 4,000 6.290 3.193
8 11.453 11,5561 10.071 2.934 3.826 2.802

Averages 12.856 12.961 12.751 4.093 5.040 5.448

The average wind speed detected by the LDV in the 34-minute period
is within 1 percent of the cup and hot wire averages. There are larger
variations however for the shorter 4.26-minute intervals, and as the
time traces would suggest, variations become greater for even shorter
periods. As noted in the preceding section, these are undoubtediy caused
by the spurious signals in the velocity calculations. The mean velocities
measured by the hot wire were generally larger than the cup anemometer,
and the variances as expected are definitely greater because the frequency

response of the cup anemometer is limited.
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Over a 34-minute period, the fluctuations (variances) detected by
the LDV are larger than those of the hot wire. This was also true for
Test 50801 which had considerably lower mean wind speeds. Again, the
spurious signals in the LDV velocities contribuyte significantly to
variances.

Probability distributions - The distributions of velocities about

the means for the three instruments are shown in Figure 37. Turbulence
velocities are skewed to the left for all three instruments. The LDV
data indicated difficulty in tracing the larger velocities. As explained
previously, this could be due in part to the three dimensional nature of
turbulence and only the horizontal angularity was corrected (in the mean)
in these measurements. This feature of the LDV traces was noted also for
test 50801.

Spectral densities - The spectra for the cup anemometer, hot wire

and LDV data are shown in Figures 38, 39 and 40, respectively. For
comparison, the three are replotted in Figure 41. Spikes of high fre-
quency are again noted at 2.5 and 5 Hz in the cup anemometer spectra.
It was noted that the time traces of the LDV data included spuriocus
spikes of high velocity. These spikes are transformed into the spectra
and are noted particularly as spikes of power near 1 and 3 Hz. These
spikes in the spectra were ignored in replotting on Figure 41.

The spectra of turbulence measured by the LDV and hot wire compare
favorably. This is also indicated by the comparison of variances in
Table 4. The cup spectra however drops off at around 0.2 Hz because
of the Timited ftequency response. Response corrections for the cup

anemometer were not made.
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Figure 37. Distributions of velocities about the mean.
Test 32701
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Measurements of Run 101401 (October 14, 1971)

The data for this test were taken from 9:16 pm to 9:55 pm, a
period of 39 minutes. The wind was from the north-northwest across the
clear grassland. The mean wind speed varied from about 4 m/sec at the
start of the test to about 5.7 m/sec at the end. The wind direction
remained constant. With a northern weather front moving in, the air
was clear, (1ittle pollution), and visibility was good.

Spectrum analyzer settings - The settings of the spectrum analyzer

were as follows: ‘
Sweep rate: 5 ms/cm
Sample rate: 16 sweeps/sec
Frequency Dispersion: 0.2 MHz/cm
Filter Bandwidth: 10 KHz
Bandwidth: 30 KHz

The calibration frequency was 1.691 MHz, which 1is shown in Figure 42,
The noise level is shown in Figure 43. It will be noted that reference
zero frequency is shifted slightly from the pulse rise of the square
wave, resulting from a horizontal axis shift of the spectrum analyzer.
An accounting of this shift was made in data analysis.

A sample trace of one sweep of the spectrum analyzer is depicted
in Figure 44, The S/N of the Doppler trace is small but was sufficient
to discriminate from noise. There were drop outs in Doppler signature
as indicated by the time traces of wind speeds.

Veloctity time traces - Time traces of wind speeds from the cup

and hot wire anemometers and the LDV are shown for representative
4-minute intervals in Figures 45 and 46. As with the two previous tests,

the mean trends correspond with apparent differences in turbulence
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Figure 42. Calibration frequency 1.6%91 MHz. ‘Figure 43. Noise Calibration.
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Figure 44. Sample Doppler signal.
Test 101401
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fluctuations. The large number of low points in the LDV signature
resulted from the low S/N ratio; particularly by having to set a low
level trigger in the computer program. The spurrious high peaks are
believed to be caused by extraneous signal in the Doppler sweep. There
are not enough of these to cause difficulty with the statistical anslysis.

Megne and variances - Means and variances for the entire 34-minute

test period are given in Table 5 for each 4.26-minute segment.

TABLE 5. MEANS AND VARIANCES FOR TEST 101401

4,26-Minute Mean Velocities m/sec Variances (m/sec)?

Intervals Cup Hot Wire LDV Cup Hot Wire LDV
1 5.150 5.154 5.451 .760 .654 770
2 5.535 5.543 5.677 .736 .600 .847
3 5.425 5.479 5.722 .940 .760 .977
4 6.052 6.092 6.463 .813 . 744 .856
5 5.381 5.406 5.742 714 .586 .692
6 6.417 6.426 6.698 .822 .809 .879
7 6.417 6.457 6.821 .702 .659 .707
8 5.958 5.99%6 6.218 .745 .614 .675
Averages 5.792 5.818 6.099 .799 .678 .800

The average wind speed indicated by the LDV measurements is about
5 percent greater than that indicated by the cup anemometer. This is
comparably about the same as for Test 50801. The variance for the LDV
is greater than for the anemometers. Also, the variance for the hqt
wire is less than that for the cup anemometer as was the case also for

Test 50801.
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Probability distributions - The distributions of velocities about

the means for the three instruments are shown in Figufe 47. The
turbulent fluctuations are more normally distributed about the mean

than was the case for the previous two tests. As before, the probability
distributions compare favorably one instrument to another.

Spectral densities - A comparison of the spectral density distributions

with frequency for the three instruments is shown in Figure 48. The
spectral distribution for the cup anemometer drops off slightly at about
0.5 Hz, the hot wire spectrum decreases on a constant slope and the LDV
spectrum tends to level off for higher frequencies. The 2.5 and 5

hertz spikes were not included in drawing these spectra. The comparisons
are reasonable to about 1 Hz frequency.

Frequency tracker - Considerable difficulty was experienced in

tracking the LDV output with the frequency tracker. The tracker
required frequent adjustments during the test, and tracking was often
lost. Consequently the tape recorded output was too intermittent and
analysis was difficult.

From observations during the test, it was noted that when tracking
was achieved, the D.C. output (although slightly nonlinear) corresponded
with the mean Doppler frequency, hence with the indicated wind speed.
The A.C. output however did not correspond very well with the turbulent
fluctuations. For example, in Figure 49, is shown a simultaneous trace
of the hot wire and the A.C., output from the tracker for Test 101401.
The hot wire leads the laser focal volume by about 3 meters and the
average wind speed was about 6 meters per second. The horizontal sweep

on the oscilloscope was 0.2 sec/cm.



of Datao

Percent

mn

Figure 47. Distribution of velocities about the mean.

Test 101401

0

Standard Deviation




71

T I T
T ¢ L iy Lo
£l oY
= P LA -T
[ ) Ly
. | T AN S
Jy ) _c-.ﬂ-l. L 1
N uh..".u...,.. |
135y
3 ]
: T —M T.%
— + 4. H
: T e T B
O -+ —
SRR IS
| ] \*‘ - L L “,. 1 o —
= m ) 1# | Iy .
£ 7 i ,
| .
P
L e |18
I
- 1 1] - R Hi
i .
- 4 - — s S
S ; e T -
m.m._ @ Lo i} :
- - 1 .
= ! [ "
S & Pl
I
H N N -
] - ]
! u
| .

—

—_—————

00l

o}

i00
0.00I

ZH / Nﬁomm\Eg Ailsuaq |p4joedg

0.000|

000001

10

0.1
Frequency in Hz

001

000!

Comparison of spectral density distributions.
Test 101401

Figure 48.



72

Figure 49. A.C. Tracker and Hot Wire Traces.
Test 101401

The A.C. output (top trace) resembles noise rather than turbulence,
while the hot wire output is clearly that which traces the turbulence.
The intermittency of the tracker signal created considerable difficulty
with digital data analysis. After considerable effort, this part of the
data analysis was abandoned. The particular frequency tracker used in
these tests (1971) should be modified to provide Jong-term uninterrupted
velocity-time histories. This of course is related to Doppler S/N
ratio and to the concentration of aerosols which provide the Doppler
shifted signals. With no Doppler signature (signal drop out) there can
bz no tracking regardiess of the quality and design of the frequency

tracker.

Measurements of Run 102501 (October 25, 1971)

Test time was from 2:04 pm to 2:45 pm. The wind was from the
south-southeast at about 5 m/sec. There were no active weather fronts
in the vicinity and the sky had been clear for the day. Some pollution

was evident in the air, but visibility was good.
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Spectrum anglyzer settings - The settings were as follows:

Sweep rate: 5 ms/cm

Sample rate: 16 sweeps/sec

Frequency Dispersion: 0.2 MHz/cm

Fitter Bandwidth 10 KHz

Bandwidth: 30 KHz

The calibration frequency was 1.678 MHz as shown in Figure 50.

The noise level from the detector is shown in Figure 51. The vertical
scale is 200 mv/cm. A sample Doppler trace of one sweep is shown in
Figure 52. As is observable, the S/N ratio is small which made data
analysis difficult.

Velocity time traces - Time traces of velocity from the cup and hot

wire anemometers and the LDV are shown in Figures 53 and 54. There was
much more variability of wind speeds during this test than in previous
tests. The smaller scale turbulence is superimposed on larger scale
variations. Thus, it should be expected, as will be seen later, that
the power spectra would indicate greater power at the lower frequencies.
Some amount of dropout in sigrnals is indicated for the LDV. In general
comparisons of the time traces appear satisfactory.

Meais dnd variances - The means and variances for 8 segments of a

34-minute time period are given in Table 6.
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Figure 50. Calibration frequency 1.678 MHz. Figure 51. Noise Calibration. Vertical
Test 102501 scale is 200 ms/cm.
Test 102501

Figure 52. Sample Doppler signal.
Test 102501
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4.26-Minute Mean Velocities m/sec Variances {(m/sec)?

Intervals Cup Hot Wire LDV Cup Hot Wire LDV
1 l4.397 4.444 4.298 1.077 .900 .984
2 4.154 4.169 3.946 1.372 1.273 1.418
3 6.025 6.010 5.805 .762 .482 .762
4 4,943 5.000 4,683 1.450 ~1.162 1.436
5 5.307 5.315 4,989 .992 J17 .921
6 4.713 4,748 4.252 .873 - .710 .953
7 5.082 5.102 4.878 .933 .702 .968
8 5.278 5.284 5.004 .628 . 385 . 666

Averages 4,987 5.009 4.732 1.011 .792 1.014

The average wind speed indicated by the LDV is within 5 percent of

the cup and hot wire averages.

The comparison is reasonably good.

Probability distributions - The distributions of velocities about

the means for the three instruments are shown in Figure 55, Turbulence

velocities are skewed to the right.

same as for the other tests.

The distributions are about the

Spectral densities - The spectral distributions of turbulence are

shown in Figure 56.

As was noted earlier the Tower frequency variations

of velocities produced greater power spectral densities at the lower

frequencies. The cup anemometer response drops off at about 0.5 Hz,

and the LDV tends to level off for frequencies greater.than about 2 Hz.

The comparison of spectral distributions is reasonably good.
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OBSERVATIONS AND CONCLUSIONS

As a consequence of the comparisons presented, the following

observations can be made regarding the one-dimensional LDV system.

1.

The gross features of atmospheric phenomena in the boundary
layer are measured by the LDV system. The time traces show
reproduction of these gross features and comparison with

other anemometers are favorable.

Mean values determined from the LDV data are in general within
5% of other anemometer data for long (34-minute) time periods.
The variations are larger for shorter time periods, chiefly
because of larger variations in measured velocities. That the
LDV measures larger velocities is also indicated by the proba-
bility (percent) distributions of the data and by the spectral
distributions with frequency.

The confidence of measuring high freguency turbulence (greater
than 2 Hz in atmosphere) is not yet established.

The technique for data reduction of the LDV data is cumbersome
in its present form. Immediate improvements can be made by
including on-line analog to digital eguipment including a
special purpose minicomputer to calculate the velocities from
the digitized data. Alternatively an analog system to detect
Doppler signals such as an improved frequency tracker could be
used. The frequency tracker used in this’study required

very fine tuning, and dependable frequency lock was not achieved.
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APPENDIX A

Computer Program for Analysis of Doppler Signals

Computer Program for Determination of Velocity Profiles

Computer Program for Determination of Temperature and
Humidity Profiles
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Computer Program for Analysis of Doppler Signals
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PROGRAM LASDOP(INPUT.OUTPUI-IAPE5=INPUTuTAPEGSOUYPUTuTAPEZ|TAPEIU
+TAPED}

COMMON/BLOCK L /LENARRY « W INDIRE (100} s NRECORLeNFILELs

. ZEROTML + DIRMIGR (LOO) »VOLT{24+200) «WRIDAT]
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. MTUTAPE IEAL T2 NTOTHECsTIMADY
COMMON/HCOMSTM/NAVEM IRy DIRECHR +CHGH IR TIMEMIR
COMMON/BYOLTADZ [SCALE
COHMONI&SPFEDISU“VELO-ISAMPLE.IUATAHI-SUMVOLI.T]HRATl-CHANNiln

DIGRAT] s TIMECHG s VOLTCHGsMUL TIME o TIMEHW « DCSUPRE

. +FRSTSPD«WRITAPE.PRINTOK

COMMDN/BAVEd]N/JSAAPLEcsuHuan-MULTlHl.TIHAVlD.AVEﬂDl]Uon)

. +LASTIME

COMMON/BRUMPUP /TIMER (T02) s VELNC2 (T 02}

COMMON TIMEZ(200) +VELOLASIZL0) » JPOENT

COMMONZUNPKEZITIMEL » [COMWRDE20L) « IOATWRD(1000)

COMMONZUNPR2/ I TIME 2« LCOUWRD (601 +LUATWRD E3000)

READ(S+1) vOLTCHO e WRIDATZ2CALTAPE S CAL INSTCALLAS,
CaLNOIS-dPlDATlrIuEnTIoIUEN12-LENARRleENARPZ-IBEGSK]o
ISKISI-IHEGSKE;lSKIUE-NﬁvEMIR-NFLVdnC-ISCALE-NTOFFIZ-
NTDYAPE.LPACUAZuNUHnNIP-NCALUAL-LPACOAluNlOTFIl-NCALRECo
NSWPRFC e IREGCHKsNUISHECYNINSCAL sNLASREC»DIGRAT ] »
TIMECHGs TIMEAW s SLOFFHW s TIMRAT L+ CHANNE L s VAR TP+ tACTVOLT
(112150 eS) aTEMAVWUYCALEVEL sFLYBACK +DFLYBACY VARTEN
FULSCAu-ZEPOuD.FULSrAMchRQHD-DCSUPR€oDEvFHEG.uAVLENo
CHANNE 2o DIGHATZ2»TIMRATZ

FOAMATL 9A3s 1l Lar/sb1T0eSF 6,0/ e2Fba095(FS5.0)97F6.007v3F6.0+2E9.3s

. IF6.0) .

READ(S+S) TIMADJLsTIMADIZ+TIMAUII s TIMADI4e TIMALASNRECZWNRECT Y

. NRECa «CALFIL +NCALTAPSNREC

FORMATISFLD.3+315+212415)

REAN{S.6) FRSTARPESFASTINTFPSTLASsFRSTNOSSHTAPFIL#NLASF 12sNINSFEL
NOISFIZowHITARE ¢ IKUNNO + MRCONST

2 v 2 s g v

L]
8 FORMATLI4A3.4l3eba3416443)

WRITEL&+10) TRUNNO

10 FOMMAT (115X ® J1ePUT DATA FOx RPUN NUMGER®1T)

WRITELEe2) vOLTCHGsWRIDATZs CALTAPE s LALINSToCALLASY
. CALNO TS+ WHIDATL IOENTL v FUENT2.LENARR L+ LENARRZ « 1BEGSK L
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PROGRAM
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105
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LASNOP TRACE COC 6400 FTN V3.0-P261 OPT=0 0271012 13.01.02.

1SKIP1+ 1BEGSK2 ¢ ISKIP2¢NAVEM IR« NFLYBAC [SCALEwNTOTF 124
NTOTAPE sLPACDAZsNCHANTPaNCALVAL +LPACUALSNTOTF 11 oNCALRECY
NSWPREC IBEGCHK s NO LSRECSNINSCAL sNLASRECYDIGRAT] .
TIHECHG-TIMEHH.SLOPFHn.TLMRATL.cnnNuclqvuﬂltp-(ACIVDLT
(!)ol=1-5l-IlMAUuD-cALEUEL-FLVBACK-DFLVBAC-VARI]N-
FULSCAWs ZEROWD s FULSCAM ZEROMD » DCSUPRE + DEVFREQeWAVLENS
CHANNEZ2+OIGRAT2TIMRAT2

FORMAT(1HO ¢ VOLTCHG =wAu® WA TDAT2 =#843 CALTAPE =wA4e CALINST =®A
u® CALLAS =®a4® CALNOIS =¥aq#® WRIDaT] =9A4% IOENTL =kaee LUENT2 =%
JAG/¢ LENARM] =#]u® LENARNZ =%fu® InEGSK] =+]13% ISKIP] =a134 IBEGSK
L2 =*[3% ISK1IP2 =%[3¢ NAVEMIR =%]3% NFLYSAC =¥1a* 1SCALE =*]2/® NTO
JTFE2 =»12® NIOTAPE =012% LPACPA2 =+[a® NCHANTP =013 NCALVAL =#12
L% LPACDAL =#[us NTOTF1} =%12¢ NCALREC =®13* NSPREC =#l12/% [HEGCHK
. =#130 NOISREC =¢l1% NINSCAL =*I2% WLASREC =#[3/% DIGRAV] =4FT,.1
W TIMECHG =#F1,1% TIMEHW =F9 .42 SLOPEAN =#F9.4% TIHRAT) =0F4.17
% CHANNE] =¢F5,1% VARITR =%F3,3/9 aCIvoLT(l THRAY 5) =#SF5.)/¢ TIMA
VWD =¥F5,2% CALEVEL =9F9.2% FUYRACK =#F3.1% UFLYHAC =#k5.1* VARLIN
L =PFhe3/% FULSCAW =#F%,3 ® 2E2DWU =8F9,3% FULSCAM =2F5,3% ZEROMO =
CeF9,.3% DCSUPRE =#F7.3% DEVFwEQ =2E1D.3/% WAVLEN =¢E13.6% CHANNEZ
JOFS5,. 1% DIGHATZ = *F9,1% TIMAATZ =*Fh.1)

WRITE(626) FRSTAPE +FRSTINT +FrSTLASIFRSTNOSNTAPF I aNLASHIZ2oNINSF1Es
. HOTSF 12 wHITAPE «MRCANST

FORMAT(IH % FRSTAPE =#pa4® FRSTINT =v#Aa® FRSTLAS =#A4s FRSTNOS =*A
L4% NTABFI] =el3e NLASFI2 =#{je NINSFIl =#§3% NOISFIZ =013# WRITAPE
. = ®ade MREDONST =®A3)
anTEls-Q)ItMnDJl.TIMADJE-IIMauJJ-rlnADJs.TjuuuA-NREcz-NRECJ,NaEca
. yHUALF 1L+ NCALTAPNRFC

FORMAT(IH ¢ TIMAUJE =#FGals TIMADJ2 =#Fi0.18 TIMADYD =#F]10.1% TIM
JADJG zeF 10,18 TEMADA =eF10.1/» NWELZ =#]5e NRECH =el6» NRECH z¢]b
o4 MCALFIL =#12% WCALTAP =#12# NREC = 14}

REWIND 1

WEWIND 2

IF (whITAPE LEQ. JHYES) REWIND 3

FRSTPT = 3HYES

TEXTIHE
MUL T IME
SUMVELD
ISAMPLE
SUMVYaALT
JSAMPLE
SUMN TN
CaLVELO
NSWPS =
NRECORI=
NRECORE=
NTIRIG =
NFILEL =
NFILEZ = 1
2EROTME= 0.0
ZEROTMZ2=0.0
IEALT = 3H WO
1EXITZ = I MO

4 & s u 2 2 @

]

- L LI (3 T I LI (I T )

SLASTPT = 10.0
[CranbE = 0
FACTORY = SOQRTIZ41/(2.%49=1,0)
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12n

125

13n

140

1as

195

tan

L

DROGRAM

LASHOP TRACE COC 6400 FTN ¥V3,0-P26]1 OPT=0 Q2710772
FRSTSPD = IWYES
NTAPEZ = ]
NEXTPTS = 0
NAVEWD =
NDATAPT = ]
JCLOCKL = 0
JCLOCKZ = ¢

. TdInD = ]
IPOINT = 1
T JCOUNT = ©

20
11

21

23

24

12

25

26

27

IF (IDENT1 .EQ. 3HYESH CALL HEADER]
IF C(IDENTZ2 .EQ. 3HYES) CALL HEADER2
IF (FRSTAPE LEQ. 31 OK) GO TD 20
NFLSKPY = 0
NRCSKP] = ]
CALL SKFPEQF]
IF (CALTAPE LEQ. 3HYES) CALL TAPECAL
IF (CALTAPE .EQ. 3JANED) READ(S+11)} (SLOPEUIY+ZEROTAPI(IheI=142)
FORMAT {aFlgd.3)
IFINFILE] 6T« NTAPFII) GO Ty 21
NFLSEP] = ]
NRCSKP) = O
CaLL SKPEDF1
IF (CALINST LEN, 3IHYES) CALL INSTCAL
IF (CALINST JEQ. 3HNEDI READ(S+11) SLOPEWDsSLOPEMD+WOINTEROMINTER
IF (NFILEL .6T. NLINSF1LlY GO Tn 213
NFLSKPY = )
NRCSKPY = O
CALL SKPEDFI]
{FIFRSTLAS .EQ. 3t OK)} GO TO P4
NFLSKPZ = 0
NRCSKP? = 1
CALL S%PEDF2
IF (CALLAS .EQe« JHYES) CALL LaSCAL
IF {CALLAS JEG. IHNED) READ(5.12) CALVELO«NPTSWP
FORMAT (FIU,3+14)
FLYBACK = fLYdACK = DFLYBAC
1f (NFILEZ .GT. NLASF12) GO Tn 25
NFLSKPZ = 1
NRCSKRZ = @
CALL SKPEQFZ
If (FRSTINGS JEQ. 3IH 0K) GO TJ 26
NFLSKP2 = ¢
NRCSKBZ = 1
CALL SKPEOFZ
IF (CALNOLIS JEQ. 3JHYES) CALL NOISCAL
IF {CALNDIS =EGa IHMNED) READ(Se4) (XNLEVELI([}s1=]4202)
FOHMAT{()3FB,0))
If (HFILEZ2 6T, NOISFL2) GO To 27
NFLSKPZ = |
NRCSKP2 = D
CALL SKPEOF2
CALL VOLTADY
IF {(MRCONST LEQ, 3IAYES} CALL CONSTHR
1F IMRCONST NE. 3JHNED) GO TU 7S

13.01,.02,
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170

175

1an

1A%

198

195

200

208

21n

22n

PROGRAM

LASOOP TRACE CDC 6400 FTN ¥3.0-P261 OPT=0 02/10/72

READ US4 14) CHGMIRTIMEMIR
READ(S213) DIRECMR
13 FORMAT(F10.3)
14 FORMAT(ANF6.2)
WRITE(&+15) DIRECMRsCHGMIRs TEMEMIR
15 FORMAT{1HA.LX*DIRECMR =#F]0.7% CHGMR =%A3® TIMEMIR =#F10.3)
75 JCLOCKY = 0 ‘
ZERQTMY = 0.0
JeLocKz= 0
ZEROTHM2
IDATAHW
MULT MY
FEXT IME
LASTIME
MULTIME
PRINT 16 .
16 FOPMATILIHID)
100 CALL SPEED
CALL AVEWIND
IFIPRINTOK EQ. IHYES) WRITE(ns7INFILE2+NTAPER
T FORWAT {1HD o SX*LASER VELOCITIES®*SASFILE®124SXTAPE®T2/10%TIMELSECH
JIDNOVELOCITYsM/SEC*LOXSRECORD#}
150 CALL BUFLASZ
IBEGIN = 1
179 00 200 M=19EGIN+LENARRZ
IF (YLASER(M) <GE. FLYBACK) Gn TO 300
200 CONTINUE
GO TO 150
300 JCOUMT = JCOUNT = 1
MM o+ ]
IF (M .LE+ LEMARRZE GO TO S00
400 CALL BUFLASZ
M= |
500 IF (YLASER(M) .GE. FLYBACK) Go TO 300
IF {JCOUNT L6T. 15) GO TO &00
JCOUNT = 0
JBEGIHN = M
i1F (M .LE. LENARR2)GO TO 175
Gp TO 150¢
600 M = M + IBEGLHK = ]
IF (M LE. LENARR2IGO TO 650
CALL BUFLASZ
M = M = LENARRZ
650 JCOUKT =
LAST = NPTSWP-NFLYBAC
DD 800 I= T4EGCHKs LAST
[F (YLASEM(M) .GE. XNLEVEL(1) ® 2,)G0 TO 900
Mz M o+ )
IF (4 LE. LENARRZ)Y GO TO 800
700 CALL BUFLASZ
Moo=}
800 CONTINUE
IBEGIN = M
{F {FRSTPT .EQ. 3IHYES) GO TO 175
VELOLAS{IPOINT) = VELOLASCIPOTINT - 1}

«0

T e

13.01.02.
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PROGRAM

228

23n

225

240

245

250

258

26N

2H%

LASNOP TRACE CDC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.01.02.

TIME2(IPOINT)= TIME2 (IPOINT~L) + (NPTSWP®CHANNE2ST IMRAT2) /DIGRAT2
IF (TIME2{IPOINT) .GT. IWINUSTIMAVWD) INENG =IWIND + |
IF (AVEWD{ININD) LHNE.D.,0) GO TO 829
IF C1EXIT ,EQ. JHYES) GO TQ 470
IF (WRITAPE .EQ. JHYES) CALL LASWR]TY
IPOINT = }
810 CALL SPEED
CALL AVEWIwND ’
IF (PRINTOX LEQ., 3IHAYES) WRITE(H6s TINFILE2WNTAPER
G0 TO B2S
B20 IWIND = IWIND - 1}
IF (AVEWD{IWINO) +EQ. 0.0} GO TO B20
825 IF (PRINTOK NE, 3IHYES) GD TQ 475
uPlTEt6v3)TIMEZIIPDINTIuVELDLAStIPUINTicNRECORE
BTS IPOINT = JPOINT + |
60 TO 175
G900 IF (YLASER(M+1l) .LT. YLASER (M) GO TO 925
I =21 +]
M = M4 + }
60 TO %00 .
2% TIME2(IPDINT) = TIMRATZ® (LITIME2~-ZEROTH2) 710000+ ( (M ) *CHANNEZ) /
. DIGRAT 2}
FRSTPT = 34 NO
IF ATIME2LIPOINT) oGE. TIMEMIR .As CHGMER oEQe INYES) CALL CONSTMR
IF (TIME2{TPOINTY .GT. IWIND = TIMAVWD) IWIND = IWIND + |
IF (AVEWDUIWIND) JNE, 0.,01G0 TO 935
IF (TEXIT LENe 3IHYES) GO TO 930
IF (WRITAPE .EQ. JHYES) CALL LASWRET
IPOINT = }
926 CALL SPEED
CALL AVEwWIND
IF (PRINTOK .EQ. 3HYES) WRITE(6+7iNFILEZsNTAPE2
GO TO 33%
930 IWIND = [WlHD = 1
IF tAVEWDUIWIND) JEQ. 0.0) GO TQ 930
935 WDIREC = AvEwO(IwWIND) = DINECMR
WDIREL = (wOIREC * 2, #* 3,19}/ 160,
VELOLASUIPOINT) = ({) + 4)OCAl VELO)/COSIWDIREC)
IF (PRINTOX NE. JIHYES) GO TQ 1000
UR]TEI&.3)TIHE2IIPOINT)oVELOLaS(IPuINTI-NRECORE
3 FORMAT(IM « AKFB.Is19KF6.3slb20%)
1000 IPOINT = IPQINT + |
1BEGIN = M
IFf {M .tEs LENARRZ)GO TO 175
GO TO 150
EnD
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SUBROUTINE TAPECAL TRACE CDC 6400 FYN V3,0-P26) DPT30 02/10/72

SUBROUTINE TAPECAL
COMMON/BTAPECA/NCHANTP ¢ NCAL VAL « VAR TP+ ACTVOLT (S)
COMMON/BLOCK) /LENARRL «WINDIRE(100) sNRECORI +NF [LEL »

ZEROTMY s DIRMIRRILOD} +VOLT{2+100) o WRIDATI
COHHDNIBCALIHR/SLOPE(?)oZERUTADIE)-SLOPtANiAN[NTER-SLOPEH'-

SLOPEWD+ WO INTER « SLOPEMU«DM INTER

DIMENSION SUMCAL [2yoSUMTAPL2) o SQVALUE L2 1o SUMACT (22 s ACT X TAP(2) s
SUMSQ{2¢5) sRECMEANLZ) s TOTMEAN (2453 s TEPMEAN(2) ¢ SUMEAN (23 9
TEMRSUMILZ) 2 STANDEV (245}

“lcHECK = 0
NSAMPLE = 0
LASTCAL = @

1CALVAL I
00 100 [= 1.NCHANTP
SUMEANIT)Y = 0.0
TEMPSUM(L) = 0,0
SUMCAL(]I) = 0.0
SUMACTIIY = 0.0
SUMTARLIY = 0.0
SQVALUE(E) = D.
ACT X TAPLI}
TEPMEANIT) =
RECMEANET) =
DO 100 J=leNC
TOTHMEANCT ¢+ J)
100 SumMsa{l.Jy) = 0,
110 CALL BUFLAS]
GOTOBUF = 3H WO
IF (ICALVAL .E0,. NCALVAL} LASTCAL = LASTCAL + )
DO 120 I=14+HCHANTP
00 120 K=Ll.LENARRL
120 SUMCALI(IY = SUMCALILY ¢ wOLTL14K)
IF [ICHECK .GT. 0) GO TO 151
NSAMPLE = NSAMPALE + 1
DO 140 I=leNCHANTP
RECMEANII} = SUMCALII) /LENARR]
IF (NRECOW] .EQ. 1) GO TO 1¢S5
IF (RECMEAN(I) o.GT. TOTMEAN{] ICALVAL) + VARITP 0. RECMEANCI)
. oLTa TOTMEANCI«ICALVALY~ VARITP) GO TO 150
125 00 136 K=l«LENARRL
130 SUMSQUTI+ICALYAL)Y = SUMSOITsICALVALY + VOLT(IsK)ee2
SUMEAN{I) = SUMEAN{]) + RECMEANLI)
SUMCALTI) = 0.0
TOTMEAN(T»2CALVAL)Y = SUMEANT D) /NSAMPLE
1IF t1 .EQ. 1)
«WRITE{Ge Y INRECORT » FCALVAL 4 ACTVOLT L ICALVAL)
1 FORMATL1H)+SXCRECORY MEANS*4 Y *RECORD NUMBER® T4+ TX*CALIBRATION®IZ.
wOX®INPUT VALUE*FS 1/ 12X CHANNFL# 1 OASMEAN® 1 IX#CUMULATEVE WMEAN® bX
+*NUMBER RECUORDS FOR CUMULATLIVE MEANS)

140 WRITE (69231 9RECMEANC(T) s TOTMEAN (T ICALVAL) +NSAMPLE

2 FORMAT(IH #12Ke 120 10X sFRetstuxsFB,L225Ks13)
6D TO 110
150 NSAMPLE = NSAMPLE =~ 1
ICALVAL = JCALVAL + |
1S) IF (ICALVAL +GT. NCALVAL «A. LASTCAL «GT. 3} GO TO 180

13.00.02,
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ICHECK = ICHECK + 1

WRITE(6SINRECORL» ICALVALACTVOLT{ LCALVAL)

FORMAT L IHO +SX#TEMPORARY MEANS*JX®HECORD NUNBER#* 144 10X*CAL IBRATION
124X INPUT VALUE SF5, 1/ L1 X*CHANNLL® JOXOMEANS}
DO 170 1=1oNCAANTP

RECMEAN{!) = SUMCALIL}/LENARR])
WRITE(b+6) I+ RECMEANITI) .

FORMATULH 512X12+10XFB.a}

SUMCALILIY = 0.0

IF tICHECK EC. 1) GO T 160

DO 1595 K=1.LENARR]

155 SUMSQ{I+ICALVAL) = SUMSO(T+ICALVAL}Y + VOLT{1aK)#u2

TEMPSUMI1) = TEMPSUMIL) + RECMEAN(])

160 IF (RECMEANII) 6T« TOTMEAN{L.ICALVAL=1) + VARITP 0. RECMEANTLI)

WLTa TOTMEAW{IICALVAL=1)~VARITP) GOFOBUF = IHYES

170" CONT INUE

IF{ICHECK 0T+ 33 GO TD 180
IF(GOTOBUF LG, IHYES) 6O TQ 110
00 175 1=1.NCHANTH

TEMasSUMil) = 0.0

175 SUMSOUT+ICALVALY = 0.0

ICHECK = 0
1CAL VAL = TCALVAL = |
G0 TO 110

180 IEWD = TCALWAL - 1

¥RITE(6+B) IEND+ACTVOLTIIEND)

FORMAT (1HO. 795X #STANDARD DEYIATIONS#10X*CALIBRATION®12+SX*INPUT VA

JLUESFS, 1/ LI X#CHANNEL ®IOR®HMS )

00 190 I=1,NCHANTP

STANDEV {1+ IEHD) = SQRT(SUMSI{Te [END) # INSAMPLE#LENARR]} =
TOTMEAN{T+ IEND) #e2)

.
190 WRITE {529} +STANDEV (I IEND)

9

FORMAT{IH «12XK12+TXF3,])

NSAMPLE = JCHECK = 1

DO 195 T=)sNCHANTP

SUMEANETY = TEMPSUNIL)
TOTMEANIT s ICALVALY = TEMPSUHLT}/NSAMPLE

195 TEMPSUMLI) = 0.9

10

ICcHFCK = 0

IF (ICALVAL .L.E, NCALVAL) GO YO 110

WRITE (6+10YNRECOR]

FOSMAT (1HO.SA*ACTUAL VS TAPE vOLVAGE*LOX®LEAST SOUARE METHOD®SA®NU
LMBEQ RECORDS USED FOR CALCULATIONS®#E3)

DD 210 I=l«NCHANTP

0O 200 J=1leNCALVAL

SUMTAP(I) = SUMTAPI(L) + TOTMEANIIs )

SOVALUEEI) = SGVALUE(L) + TOTMEANL]sJ)®e2

ACT X TAPII) = ACT X TAP(I) + TOTHEAN(I+JVSACTWOLT ()

200 SUMACT(I) = SUMACTIL) ¢ ACTvuLTtJ)

SLOPE(T) = (SUMACTUI) #SUMTAP (T} -NCALVAL® ACY X TAR{IM)/

. (SUMACT (1) we2= NCALVALOSOVALUE(]Y)

ZEQOTAPII} = (SUMACT{II®ACT X TaP(]) = SUMTAP LI} SSQVALUELTD/
. {SUMACT (T)#%2- NCA| VAL®SUVALUELIY )

WRITE(6e 102 1o (ACTYOLTEI) o TOIMFANTT 4 ) v J=1aNCALVAL)

1] FORMAT(1HD.10%X#C H A N & E L*I3/15A*VALUES USEL FOR LEAST SQUARE C

COC 6400 FTN V3,0-P261 OPTaD 02/10/72
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SUBROUTINE TAPECAL TRACE COC 6400 FTN V3.0-P261 OPT20 02710772 13.01.02, PAGE

+ALCULATIONS#10X# INPUT VALUESSX®TAPE VALUE®/(0FAFAss11XFb5.3))

210 WRITE!6.12YSLOPE(L) o ZEROTAP(IY

12 FORMAT(1H0+1SX*VALUES DBTAINED FROM LEAST SQUARE CALCULATIONS® 7X*
SSLOPE®AXS INTERCEPT®*/6BXF5.3+11XF5. 3)
115 PRINT 13

13 FORMAT(1H]l)
RETURN
END
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INSTCAL TRACE . COC 6400 FTN VI.0-P261 OPT=D 02/10/72

SUBROUTINE INSTCAL

COHHDNIE[NSTCAIN]NSCA%-VAR!IN +FULSCAWs ZEROWD e FULSCAN + ZEROMD »
FRSTIN

COHHDNIBLUCK!/LEN!HP!odIND!RElIOOI.NRECORI-NFILEI.
ZEROTHI+DIRMIRAILIB0) »VOLT 1241002 +WRIDAT]

CDMMON/ECAL]BRISLOPE(E)oZEROTAP(Zl-SLOPEAN'ANINYtR’SLOPEHI-

SLOPEWD e WDINTER »SLOPEMO+DMINTER
ﬂlMENSION SUMSGWD ) o SUMSOMO (33 « TMEANND (335 THEANMD () o STDEYWDID) »

. STDEVMD(3)

LEVEL = 10HAZERD INPUT

NRECOR1 = 0

IF (FRSTINT .EQ. 3HYES) NRECOR]L = |}
SUMWD = 0.0

SUMMD = 0.0

SUMAVEW = 0.0

SUMAVEM = 0.0

NSAMPLE = ¢

INSCAL = ]

TEMPWD = 0,0

TEMPMD = 0,0

ICHECK = 0

00 100 1 = J+MINSCAL
SUMSOWDI(I) = 0.0

100 SUMSOMDI(I) = 0.0
IF INRECORY .EO. )} GO TO 175

150 CALL BUFLASI]

GOTOUUF = 3In NO

IF tNFILEL .6T. 1) GO TO 850
175 DO 200 K=l ENARRIL

SUMWD = SUMWD +» WINDIRE(K)
200 SUMMD = SUMMU + DIRMIRR(K)

AVEWD = SUMWO/LENARR]

AVEMD = SUMMD/LENARR]

SUMKD = 0.0

SUMMO = 0.0

IF (NRECOH] LEQ. 1) GO TO 300
IF tECHECK GT, 0) GO TO 60¢
IF (AVEWD .GTs THEANWDUINSCAL) + VARIINY GO TO S00
300 SUMAVEW = SUMAVEW + AVEWD
SUMAVEM = SUMAVEM + AVEWMD
NSAMPLE = NSAMPLE ¢ 1
TMEANWDCINSCALY = SUMAVFW/NSAMPLE
THMEANMDIINGCAL) = SUMAVEMANSAMPLE
WRITE (631 )NRECORL sLEVEL o AVEMD , TMEANMD { INSCAL) oNSAMPLE ¢ AVEWD
TME ANWD { INSCAL o NSAMPLE
1 FDRNﬂTllHD-bi'INSTDUHENT CALIARATION®SX*RECORD MEANS#*SX®RECORD®*I]s
LSRETNPUT *AL0/10XYINSTRUMENT#)0K*RECORD MEAN®IQASCUMULAT IVE MEANS
.luonuusEH OF RECORDS IN CUMULATIVE MEAN®/TX*MIRROR OIRECTION=9XF6
wed s 19KFB,3,30X127 BrawInND DIRFCTIVN®L0XF6.3+19XF6.3:30X12)
00 400 K=]ls+LENAAR]
SUMSQWD L INSCALY = SUMSOWD(INSCAL) + WINDIRE(W)e#g
400 SUMSUMDUCINSCAL) = SUMSOMDIINSCAL) + DIRMIRRIK) #82
GO 10 150
S00 INSCAL = [4SCAL + 1}
600 ICHECK = [CHECK 1

-

13.01.02.
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SUBROUTINE INSTCAL TRACE COC 6400 FTN Vv3,0-P261 OPT=0 02/10/72 13.01.02. PAGE

IF (ICHECK LT, 2} GO To LSO
TEMPWD = TEMPWD *+ AVEWD
TEMPND = TEMPMD + AVEMD
IEND = ICHECK = |
an LEVEL = 10HFyYLL SCALE
WRITE(As2INRECORLvLEVEL y AVEMOD o TEMPMD o [END s AVENWD » TEMPWO « LEND
2 FORMAT {IHO,5X*TEMPORARY SUMS#*)OX®RECORD*I3+10X*INPUT 2A107 JOX®INS
+ TRUMENT® 1 OX#RECORD MEAN®]O0X#SM OF RECORD MEANS®JOXSNUMRER OF RECO
ROS IN SUM#/ TA®MIRROR DIRECT]ON'9KF6-30201F6¢3025l]2/3! *wIND DIR
65 . SECTIONCLOXF6,3420XF6,2,25X]2)
DO 700 K=1._FENARR]
SUHSOWD{INSCAL) = SUMSOWDUILINSCAL)Y « wINDIRE (K)asp
TOD SUMSOMOtINSCAL) = SUMSOMUUINSCAL) + DIRMIAR(K)ewp
BOO IF (AVEWD ,GT. TMEANWD{(INSCAL-1} * VARIIN) GOTOBUF = JHYES
™ IF (ICHECK .GT, 3) GO TO 900
IF(GOTOBUF LEQ. JInYES) GO TO 150
SUMSDWODLINSCALY = 0.0
SUMSGMD L INSCALY = 0.0

ICHECK = 0
s TEMPAD = 0.0
TEvYPMD = 0,0
INSCAL = INSCAL = 1
GO TO 150
BS0 INSCAL = IMSCAL « )
An 900 JEMD = INSCaAL =}

LEVEL = 10MZERD INPUT
IF UIEND «EQe &) LEVEL = )MOMFULL SCALE
STOEVWD(IEND) = SGRT(SUMSOWD{TEND}/ INSAMPLEMLENARR]) -
TMEARWD{IEND) #e2}
-1 STDEVMD(IiND! = SURT{SUMSQMDTTEND) 7 INSAMPLESL ENARRL)Y =
THEANMD{TENDY® %2}
uﬂITElﬁ.JlIEND-LEVEL.STDEUHU!!ENDI.SIDEv!D([ENDI -
3 FORMATIIHOLSX*STANDARD DEVIATTONS® JOXSCAL [BRATION®T2, 10X ENPUT =
«AIO/DONPINSTRUMENT 13X ORMSS/TY #* M [RROR DIRECTION® 6XFS.3/ 8X®WIND D
an IRECTIOMBTXF B 43}
LEVEL = 10HFuULL SCALE
NSAMPLE = ICHECK ~ ]
SUMAVEw=TEMPWD
SUHMAVEM = TEMPMD

95 TMEANWO(INSCAL)Y 2 SUMAVEN/NSAMPLE
TMEANMD LINSCALY = SUMAVEM/NSAMPLE
TEMPWD = 0,0
TEMPMD = 8,0
ICHECK = 0
100 IF (INSCAL JLE. NINSCAL) GO Tn 150
SLOPEWD = (FULSCAW=ZEROWD) /{THEANWD(2)~THEANWD (1))
SLOPEMD = (FULSCAM~ZEROMD) /{TMEANMD(2)«TMEANMD (1)}
DMINTER = FULSCAM « SLOPEMD®TMEANMD{2)
WOINTER = FULSCAW ~ SLOPEWD®TMEANWD (2}

1458 WRITELOs4INRECORL TMEANMD (L) « FEROMO » TMEANMD (2) «FULSCAM 2 SLOPEMD
+OMINTERs TMEANWD (L} » ZEROWD v TME ANWD (2) » FULSCAW ¢ SLOPEWD s WO INTER
4 FOAMATUIHD +SX* INSTRUMENT CALIRRATION®*SX#NUMBER OF RECORDS USED®]3s
« LUKeMIPRUR DIRECTION®/LLASVA UES USED FOR CALJBRAYION®#]10X® INPUT®S
WA FTAPE VALUE®SA%ACTUAL VALUE#/ SIX*Z2ERU*HXFOLI+10AF T3/ 49A®FULL
11n JSTALE®4AFE . I 10AFT, 3/ ISX*VALIES DETAINED®22XSLOPE®SX* INYTERCERT S/
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SUBROUTTNE

INSTCAL TRACE COC 6400 FTN V3.0-P261 OPT=0 02/10/72 13.0).02.

S1XFT.316AF5.3//710K%dIND DIRECTION®/ 1SX®VALUES USED FOR CALIBRATI
JON*1OX® INPUT#5X “TAPE VALUE#SX®ACTUAL VALUE#/SIX®ZERD®OXFG.3+10XFT
ved/ GOXSFULL SCALE*ANFE,3+10XFT.3/15K*VALUES QOTAINED#22XS5L OPE#SK
SHINTERCERPT#/SLXFT43v6RF 7,3}

RETURN

END
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SUBROUTINE LASCAL TRACE CDC 64080 FTN V3,0-P261 CPT=D

108
150
st

200
300

%00

500

600

700

SUBROUTTINE LASCAL

COMMON/ELASCAL /NCALREC+NSWPRECY [HEGCHK s CALEVEL ¢ CALVELOsWAVLENS.
DEVFREQ

CONMON/BLOCKZ2/LENARRZ ¢ SYNC (1500) + YLASER (1500) s NRECORZsNFILEZ s
ZEROTH2+WRIDATZNTAPE2

COMMON/BLASER/NFLYBACINPTSHP

DIMENSION NPTR1IGIZ0}

NEXT = 0

NPTSWP = 0

SLASTPT

CALVELD

NSAMPLE

NSWPS =

LASTPT = 0

G0 = 3H NO

LEFTOVR = @

CALL BuUFLAS2

IF (NRECOR? .GT. NCALREC) 6O 1O 900

NTRIG = )

DO S50 I=l220

NPTRIG(I) = O

DO 500 K=lsLENARRZ

IF 1K .GT« 1)} GO TO 200

IF (SYNC{K) .GT. 04l sA, SLASTPT 4LTa 040) GO TO 300

G0 TO 500

IF (SYNC{K) oGT. O+0 +A. SYNCIK=])) +LT. 0.0) GO TG 300

GO TO 500

If (G0 «EQ, 3H NO} GO TO «00 '

NPTSWP = NPTSWP + & = LASTPT + LEFTOVYR = )

NSWPS = NSWRS + |

LEFTOVR = 0

NPTRIGINTRIG) = K =1

NYRIG = NTRIG + 1

LASTRT = K = )

GO = IHYES

CONT INUE

SLASTPT = SYNMCILENARRZ)

LEFTOVR = LENARRZ = NPTRIGINTEIG~])

LASTPT = 0 .

NEXT = 0

NTRIG = 1

NAVEPTS = MPTSWP / NSWPS

ISTART = NPTRIGINTRIG)Y + IBEGCHK

LAST = NPTRIGINTRIG) « NAVEPTS = NFIYBAC

IF (LAST 40T, LENARR2) NEXT = LAST ~ LENARRZ

IF (LAST 6T, LENARRZILASTzLENARRZ

DO 700 I = JSTART.LAST

IF IYLASER(T) .GT. CALEVEL) NFXT = 0

IF CYLASER(I) .GT. CALEVEL) Gn TO 800

CONT INUE

IF (NEXT «EQGs 0F GO TQ 750

CALL BUFLASZ

DO 725 J=leNEXT

1F {YLASER{)Y .LE. CALEVEL) Gn TD 725

1=+ ENARR?

10.0
0.0
0

(- B [ 1]

0zrs10/72

13.01.02,
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LASCAL TRACE CDC 6400 FTN V3.0-P26) OPT=0 02/10/72

G0 TO 800

CONTINUE

IF (NRECORZ2 ,GT. NCALREC) GO TO 900

G0 1D 150

NTRIG = NTRIG + 1

1F ¢ NPTRIGI{NTRIG) 6T, 0) GO TO 600

IF (NRECGRZ +GT. NCALREC) GO TO 900

60 TO 100 .

IF {YLASER{1+1) .GT, YLASERLIV} I »1

CALVELO = CALVELO #+ | = NPTIRIGI(NTRIG)

NSAMPLE = NSAMPLE + 1

NTRIG = NTRIG ¢ 1

IF (NRECOR? .GT. NCALREC) 0O TO 900

IF {NEXT 0T 0) GO TO |50 .

IF {NPTRIGINTRIG) +GT. 0} GO TO 600

GO TD 100

CALVELD = CALVELO/NSAMPLE

NPTSWP = NPTSWP / NSwPS

WRITE(B+SINRECORZvCALVELD+NPTSWP

FORMAT LIHY «SX*DEVIAT[ON FREQUENCY CALIBRATION®SX*NUMBER OF RECORDS
» USED FOR CALTERATION®T3/954%wAVELENGTH X DEV, FRAEQ.®/L0X®AVERAGE
LNUMBER OF RPOINTS TO OEVIATION FREQUENCY*SX*AVERAGE NUMBER OF POINT
W S/SEP L e e mmm—oa crmmeea=tys GEX#2 X POINTS TO OEV,. FREQ,*/
o 32XF5,.1439X]1)

CALVELOD = (WAVLENYDEVFREQ)/(2*CALVELD)

WRITE(6+6)CALVELD

FOQMATLIHe 1 04XFSad)

RETURN

END
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SUBROUTINE NOISCAL TRACE

100
150

175

200
3¢

%00

450

500
550

600

100

8o

90¢

1000

SUBROUTINE NOISCAL

COC 6400 FTN V3.0-P261 OPT20 02/10/72

COMMON/BNOTSCA/ZFLYBACK »NOISRECY XNLEVEL (275)
COMMON/BLOCKZ/LENARR2SYNC L1500 ¢ YLASER (LS00} +NRECORZyNF ILEZ+
ZEROTMZ s WRIDAT24NTAPE2

* COMMON/BLASER/NFLYBACsNPTSWR

DIMENSION SUMPTS(300)
DO 100 1=14NPTSwP
SUMPTS () = 0.0

CALL BUFLASZ2

K =1

JCOUNT = @

DO 200 [=K.LENARRZ

IF (YLASER{I} «GT« FLYBACK} GO TO 300

CONT INUE

[F INRECORZ .GE. NGISRECY GO TO 800

GO TO 150
DO 400 J=1+L ENARNMZ
JCOUNT = JCOUNY « |

1F (YLASER(J) .LT. FLYBACK) GO TO 450

CONT INUE

IF (NRFECORZ LGE. NOISREC) GO TO 800

CAtL BUFLAS2
I =1
GO TO 300

IF (JCQUNT 46T 1S GO TO 500

JCOUNT = O
LN
IF (K.LE. LENARRZ) GO TD 175

IF (NRECORZ +GE. NOISREC) GO TO a0

GO TQ 150

=]

ISTART = J = 1

D0 600 K=ISTART+LENARRZ

SUMPTS MY = SUMPTS(M) + YLASERIKI

M=Ms+]

IF (4 6T. NPTSWP = NFLYBAC) GO TO 700

CONT INUE

IF {NRECOR2 .GE. NOISREC) GO TO 800

CAaLL BUFLASZ
=1
G0 1O 550
NSAMPLE = NSAMPLE + 1
JCOUNT = 9

IF (K LLE+ LENARRZ) GO TO 175
IF {NRECORZ ,LT. NOISRECY GO TO 150

LAST = NPTSWP = NFLYBAC
DO S00 T = 1sLAST

XNLEVELIT) = SUMPISIT) s NSAMPLE
WRITE (ael) (XNLEVEL(I)«1=1sLASTE

FORMAT (1HO+/7+® NOISE LEVELS®./+{1x+15¢FB, Q1))

Dg 1000 I=9+LAST
ANLEVEL () = 40.0
RETURN

END

13.01.082.
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SUBROUTINE BUFLASE TRACE

100

200
1

300
400

2

500

600

T00
3

800

COC 6400 FTN ¥3,0-P24] OPT=0 D2/)0/72

SUBROUTINE BUFLASE
COMnONIBBUFLAl/NTOTFlloJCLDCKloIElITnTlHADA-NREC
COHHON/BLOCKI/LENARRI-H[ND]PE(!DO]gNRECORl.NFlLEl'
. ZERCTML«DIRHIRR(E00) 4 VOLT (24 100) +WRIDATE
COMMON/BSKPEOL/LPACDALY [DENTIsNFLSKP1 eNRCSKP ]
CO“MONIUNPKIIITIHElvICOHHRD(ZDII-[UATURD(IOODI

COHRTIMY = 34 NO

BUFFER IMN{lv1} (ITIMELsTCOMARN{LPACDALD}

IF (UNIT{1)) S00+200,400

WRITE{6+1) NHECORY#NFILEY

FONMAY (1H0,+ THERE ARE®15* RECORDS ON FILE®IJ® UNET 1. ENCOUNTERE
L0 18 HUFLASI®)

NRECORL = O

NFILEY! = NFILE] + 1

IF (NFILEY .GT, NTOTFIl) GO Ta 300

1F (1DENT1 .EQe 3HYES) CALL HEADER]

GO TO 100

1EXIT= 3HYES

RETURN

NRECOR] = NRECOR]} ¢ ]

LEN = LENGTHIL)

WRITE (6e2) NHRECORLsNFILELSLEN

FORMAT (1HD+® PARITY ERROR ON WEXT DATAs RECOHOD®IS® FILE#[4e5X® NU
JMBER OF COMPUTER WORDS®I4)

IFILEN oNt. LPACDALY GO TO 10N

CALL UNPAR]

CALL SORTI

IF (WRIDATY LE£Q. 3H NO) CALL DATWRIL

60 10 600

NRECOR1 = NRECORL + |

LEN = LENGTHID)

IF (LEN JNE. LPACDALY GO TO 700

CALL UNPAK]

CALL SORT]

1IF (NRECGH] .EQ. 1) ZEROTM] = ITIME]

IF (1TIMEL1-999999 .GT. =-120007 CORTIMl=dHYES

ITIMEL =ITIME] +JCLOCK14999399 « T IMADAZ NREC=1) % (NRECOR1=~1}
IF (CORTIMI LEQ, 3HYES) JCLOCK)Y = JCLOCKY + 1

RETURN

ARTTE(6+ IINRECORL+NFILEL+LEN

FORMAT(IHD.® RECORD ENCOUNTERFD OF IMPROPER LENGTH ON UNIT 1. RECO
JAD®*14e FILE®IZ® NUMHBER OF COMPUTER WORDS™E4)

GO TO 100

RETURN

END

13.01.02.
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SUBROUTINE HEADER] TRACE

5 50
200
1
tn 100
2
300
3
1=

~L
~

SUBROUT INE HEADER1

COMMON/BLOCK  FZLENARRL » WINDIRE {100) sNRECORLsNFILEL
ZEROTMIsDIRMIARR1100) +VOLT (24200} +WRIOAT]

COMMON/BHEADL/10(9)

BUFFER IN{L+0) (IDC1)ID(9))

IF CUNIT()))300.200+100

PRINT LeNFILEL .

FORMAT(1HO,* EOF READ IN HEAUER ON FILE®]2® UNIT L*}

60 TO S0

PRINT 2» NFILE]

FORMAT (1r0® PARITY ERAOR IN HEADER ON FILE®I2# UNIT 1I%)

LEN = LENGTHIL)

PRINT 3+ NFILEI«CIDUE)oT=22).LEN

FORMAT (1HD+® 10 ON UNIT 1+ FlLE'lgi IS #2410 NUMBER OF COMPUTER W

LOROS® 14}
RETURN
END

COL 6800 FYN V3. 0~-P2601 OPT=0 02/10/,72

13.01.02.

PAGE



90,

SUIROUTINE SORY] TRACE

1n
100

15

COC 6400 FYN VI.0-P261 OPT=D 02/10/72

SUBROUTINE SORTI

COMMON/BSORTL/IBEGSK1 9 ISKIFLaFACTOR]

COMMON/BLOCK } F/LENARRY +WINDIRE (1003 +NRECOREsNFILEL »
ZEROTM1+DIRMIRRIEDO) s VOLT (200007 +MRIDAT)

COMMON/UNPRLZETIMEL» JCOMWRD(201) « IDATWRD(1000)

= JHEGSKL

DO 100 I=1JLENARRL.

WINDIRELT) = IDATWRDiM)} # FACTORL .

VOLT{1,1) = JIDATWRDIM+1) ® FACTNR]

DIRMIRRIT) = IDATWRD(M+2) # FACTOR]

VOLT(Z2+1) = IDATWRO{M+3} # FACTORI

Mz Ms [5K]P]

If (JRIDAT1 LEQ, JIHYES) CALL DATWRI1

HETiiRN

END

13.01.02.
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1in

LASDOP  TRACE

SUBROUTINE DATwRIY TRACE

CDC 6400 FTN V3.0-P261 OPT=0 D2/10/72 13.01.02,

COC 6400 FTN ¥J).0-P26) OPT=D 02/10/72 13.01.02.

SUBROUTINE DATWRI1
COMMON/BLOCK] /LENARRL sWINDIRE ¢100) s NRECORL oNFILEL »
ZEROTM] »OIRMIQR ¢ 100) 4 ¥OLT (24100} +WRIDATL

COMMON/UNPK1/ITIMEL» 1COMWRD(201) « IOATWRD(1000)

WRITE (6+41) NRECORLITIME}

FORMAY (1H)s® RECORD NUMBER #la.6X% JTIMEL®[6)
WRITE (642) IYOLFCYoI)e[=1sLENARR])

FORMAT (1HO«/s L1X10tFL0.542N3)F

WRITE (6+2) [IVOLTU2+41)eI=1sLENARR])

WHITE (642) (WINDIRE(I) s I=1sLFNARR]}

WRITE {6+2) (DFRMIRR(I)4I=LsLFNARR]}

RETURN

END

PAGE

PAGE
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SUBROUTINE BUFLAS2 TRACE

1n

is

2n

25

kL

as

40

s

50

35

190

200
H

225
250

260
220

210

240

00

3

400

&

€DC 6400 FIN ¥13,0-P261 OPT2Q 02710772

SUBROUTINE BUFLASZ
COHHON/BBUFLAZIJCLOCKZ-!EXTIME9NREC20NRE630NRECk|T!HnDJI-IIMADJZ-
. TIMADJI» TIMADYG
COMMON/BLOCK2/LENARRZ +SYNC 115001 + YLASER(1500) « NRECORZNF ILE2»
- ZERDTMZ+WRIDAT2.NTAPE2

COMMON/BSKPEN2/LPACDAZ NTOTFI2+ IBENTZ2eNFLSKP 2+ NRCSKPZe
. NTOTAPE+ TEXIF2.NTOTREC TIMADY
COMMON/BSPEEN/SUMVELO » 1SAMPLE o IDATAHN SUMVOLT o TINRAT L« CHANNE L »
N DIGRAT] o TIMECHG 4 VOLTCHG»MULT IME o T IMEHW + DCSURPRE
. +FR5TSPO+WRITAPE PRINTOK
COMMON/BWRITEZTIMEZ (1500) vYELNLAS {15000 + TROINT
COMMONZUNPKZ2/ITIME2+LCOMRRU 1601}« LDATWRD (3000)

CORTIMZ = 3H NO

HUFFER IN{2e1) {ITIME2+LCOMMRD(LPACDAZ})

IF (UNIT(2)) “D0s200.30D

WRITE(641) NRECOWZaNFILEZ«NTAPE2

FORMAT (1HO.® THERE AREeIs® RECORDS ON FELE®]3s TAPE*I2)
NFILEZ = NFILEZ + )

NRECOR2 = 0

{F (NFILE2 .GT. NTOTFI2) GO To 250

IF (IDENTZ2 LEG. JIHYES) CALL nEADER?

GO TO 100

NTAPE2 = NTAPEZ » ]

IF (NTAPEZ .GT. NTOTAPE) GO To 600

NFILEZ = 1

NTOTFL2 = 1

CALL UNLOADW (2}

JCLOCKZ = 0

IEXTIME = ISTORTM

GO TO (220+230+240) +NTAPER

NTOTHEC = NWEC2

TIMADS = TimaDJ2

GO 1D 225

NTOTREC = WRECS

TIMAQY = TIMADDR

GO 10 225

NTOTREC = NREC4

TI4ALD = TIMADJG

60 10 225

NRECORZ = NRECOR2 +)

LEN = LENLTH(Z)

WRITE (6¢3) NRECORZNFILE2+NTAPEZoLEN

FORMAT L1HOs® PARLITY ERROR ON RECORD®I6* FILE®IJ® TAPE® 2% NUNBER
JOF COMPUTER WORDS*[4)

IF (LEM JNE. LPACDAZ ) GO TO 100

CALL UNPAK?2

CALL SO&TZ

IF (wRIDATZ .EG. 3H NO) CALL DATWRIZ

68 T0 300

NRECORZ = NRtCORZ + ]

LEN = LENGTH{2)

IF (LEN EQ. LPACDA2) GO TO 4S50

WRITE (6o} LENYNRECOR2 +NFILEZwNTAPEZ

FORMAT L1HD+* ENCOUNTERED RECORD OF IMPROPER LENGTH. LENGTH WAS®I3®
. COMPUTE® WORDS. THIS OCCURRED ON RECORD®#IS# FILE=]2e TAPE®=I2¢ ON

11.01,.02.
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SUBROUTINE

BUF AS2 TRACE CDC 6400 FTN V3,0-P261 OPT=0 02/10/72 13.01.02. PAGE

JUNIT 20)
G0 TO 100
450 CALL UNPAK2
CALL SORTZ
500 I[F (NTOTREC .EQ. O} RETURN
IF (NRECORZ .EQ. 1)} ZERQOTMZ = ITIMEZ
IF tITIMEZ - 999699 .GV, ~93S) CORTIMZ = JHYES
ITIMEZ = ITIMEZ + JCLOCKZ2#939999+ (TIMNADJ/ INTOTREC=1))® (NRECOR2=]1)
« * IEXTIME )
550 IF (CORTIMZ .ER, 3MYES) JCLOCKZ = JCLOCK2 + 1 .
ISTARTM = JTIMER
IF (NRECOR? .LE. NTOTRECIRETURN
WRITEL6y2INRECORZWNTAPE?
2 FORMAT LIHDWSH®REACHED RECORD#IS® ON TAPE®*I2® WITHOUT EOF*)
GO0 TQ 200 '
600 IF (WRITAPE «NE. 3IHYES) CALL EXIT
LENARR2 = 1
CALL LASWHIY
TH0 ENDFILE 13
ENOFILE 2J
ENDFILE 3
ENDFILE 3
REwIND 3
CALL ExIT
HE TURN
END
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SUBROUTINE MEADERZ TRACE

C€DC 6400 FTN V3.0-P26]1 OPT=0 02/10/72

SUBROUTINE HEADERZ
COMMON/BLOCKR2/LENARR2+SYNC (1S00) o YLASER (L1500 ) o NRECOR2»NF ILEZ»
. ZEROTHZ + WRIDAT2 . NTAPEZ

COMMON/BHEAD2/ID(9)

S0 BUFFER IN(2.0} (ID(I)+ID())

IF (UNIT{2}) 300+100.200

100 PRINT T+NFILEZ2+NTAPEZ

1

FORMAT (1HQ.# EOF IM HEADER ON FILEWI2® TAPE®12# ON UNIT 2.%}
G0 TO 50

200 PRINT 2+ NFILEZ2W+NTAPE2

2

FORMAT{IHDs® PARITY ERROR IN WEADERK ON FILE®IZ® TAPE®#[2% UNIT 2%)

300 LEN = LENGTH(2)

3

PRINT 3w NFILE2y NTAPE24{ID(I1s1=Ls2)sLEN

FORMAT(1HO ¢ ID ON FILE#I2® TAPE®1g® UNIT 2 IS #2A10% NUMBER OF CO
«MPUTER WORDS® 4]

RETURN

END

13-001.02,
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SUBRDUTINE SORTZ TRACE COC 6400 FTN V3. 0-P26) OPT=0
SUBROUTINE S0RT2
COMMON/BSORT2/ IBEGSK2e 1SKIP2
CONHDN/BLOCKZILENARREISYNC(1505ivVLASERIISDGI|NﬂECORZ|NFILEZt
. ZEROTMZ+WRIDAT2 JNTAPEZ
s COMUDN/UNPKBIITlHEZ'LCONhRDIbnl)lLUITlRBI3ﬂ00)
M=]REG5K2 B
00 100 I=1.LENAHRZ
. SYNCUI) = LDATWRO (M}
YLASER (I} = LDATWRDIM+1I®i=}.n)
in 100 M=M+15KIP2
IF (JRIDAT? LEQ. JHYES} CALL DATWRIZ
RETURN
EnD

02710772

13.01+02.
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SUBROUTINE DATwRIZ TRACE CDC 6400 FTIN V3,0-P26]1 OPT=0 02/10/72

SUBROUTINE DATWRI2
COMMON/BLOCK2/LENARR2+SYNCI15n0) o YLASER 11500) sNRECORZ +NF ILE2
. ZERODOTMZ o WRIDAT2 . NTAPER
COMMOM/UNPK 2/ ITIME2 + LCOMWRD (601} s LDATWRO{ 30000
= WRITE (6s1} NRECOR2sITIMEZ
1 FORMAT (YH],® RECORD NUMBEH®[4® [TIME2=]6}
WRITE {6+2) (SYNGUI}il=1eLENARR2)
2 FORMAT (1HO/s(1Xs10(F10.5¢1X1))
© WRITE (642} (YLASER(I)s1=)+LENARRZ)
1n . RETURN
END

13.0}.02,
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SUBROUTINE SKPEOF] TRACE

10

15

28

F i

3n

40

4%

EL]

55

COC 6400 FTN VI,0-P261 OPT=0 02710772

SUBROUTINE SKPEQF1
COMMON/BLOCK 1 /LENARR] s WINDIRE {100} 4 NRECOR] »NF JLEL,

. ZEROTM]sDIRMIRR(100) «+ VOLT (241007 +WRIDAT)
COMMON/UNPX 1/ ITIMEL» ICOMWRD(201) « IOATWRD (1000}
COMMON/BSKSEOL/LPACDAL, IDENT 1o NFLSKP Lo NRCSKPL
NREC = 0
IF (NFLSKPL ,LE. @) GO TO 500
NFILSKP = 1 '

" 100 BUFFER IN(141}(ITIME]+ICOMWRD(LPACUAL)}

IF (UNIT{1)) 300+400,200

200 LEN = LENGTHI(L)

NREC = NREC + 1
NRECOR) = NHECORL + 1
WRITE(6+2) NWECORI+NFILELvNFLEKPLaNRECLEN
2 FORMAT [ JHO.® PARITY ERROR IN RECORD® J4# FILEsE2s ON UNIT 1. ENCOU

NTERED WHILE SKIPPING FILE*13/ SX* NUMBER RECORDS SKIPPED®[3*.
, LENGTH OF RECORD®lu4# COMPUTER WORDS®)
G0 TO 100

00 LEN = LENGTH ()}
NREC = NREC ¢ 1
NRECOR 1 = NIECORL + 1
IF (LEN NE., LPACDAL) WRITE{Gw 3 LPACDAL « LENYNRECOR] oNFILE]L
. NREC
3 FORMAT(1HD+# A RECORD WAS ENCOUNTERED wITH LENGTH NOT EQUAL TO*I4*
. COMPUTER wWOHDS. LENGTH WAS#14s,%/5%¢ RECORD*[4* FILE*]2* ON UNIT
.1a NUMBER OF RECORDS SKIPPED#I4)
G0 TO 100
400 WRITE(6+14)NRECORLANF ILEL s NREC 4 NF ILSKP o NFLSKPL
4 FORMATLIHO.SX®*THEHRE WERE®IS® RECORUS ON FILE®I2® UNIT l.*/5X[1* RE
LCORDS SKIPPED ON THIS FILE. TOTAL NUMBER OF FILES SKIPPED®I2¢ ¥OT
+AL NUMBER TO BE SKIPREDs[2)
NFILE 1= NFILEL + 1]
NFILSKP = NFILSKP # ]
NREC = 0
NRECORI= 0
1F (IDENTY LEQ. IHYES) CALL HEADER]
IF INFILSKP LE. NFLSKP1) GO TO 100
IF (NRCSKP] .GT. 0) GO YO 500
RETURN
500 00 900 I=]+NRCSKPL
BUFFER INC1s L) CITIMEL s [COMNRD (LPACUAL))
IF (UNITIL3)8D0T00«600
600 LEN = LENGTH (1)
NREC = NREC s 1
NRECOR]1 = NRECORL + 1
WHITE(6s5) NRECOR)sNFILELoNRECYNRCSKPLeLEN
S FORMAT(IHO* PARITY ERROR IN RFCOADel4® FILESI2# ON UNIT 1.®/5X% NJ
JMBER RECORDS SKIPPED#l4+ NuMBFR RECORDS TO BE SKIPPEO#L3*, LENGTH
. OF RECORD WAS#I+* COMPUTER WoRDS.®)
GO TO 900
700 WRITE(b+6) NACSKP1+NRECSNRECORLNFILEL
5 FORMAT(lHO.% EOF REAQ WHILE TRYING TO SKIP#[3% RECORDS.%l4¢ RECORDS
.5 HAVE HEEN SKIPPED. RECORD NUMBEH®14% FILE®IZ® ON UNIT 1%}
GO TO 900
BD0 NREC = NREEC ¢ ]

13.00.02,
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NRECOR 1= NRECORLI + 1

LEN = LENGTHIL)}

IF (LEN .NE. LPACDAY} WRITE{6»3ILPACDAL2LENSNRECORLWNFELER s

. NREC

900 CONTINUE
WRITEI6¢7) NRECYNRCSKPL.NRECOR]LWNFILED

T FORMAT(LHO.® COMPLETED SKIPPING®*[4® RECORDS. NUMBER OF RECORDS TO
. HAVE BEEN SKIPPED*[4/5X® HECOHRD NUMBER® 5% FILE*#I2# ON UNIT 1®)
RETURN
END
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s
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SUBROUTINE SKPEOF2
COMMON/BSKPEQZ/LPACDAZ NTOTFI2+EDENF2+NFLSKP2+NRCSKP2y
NTOTAPE+ IEXIT2 NTOTREC TIMADY
COMMON/BBUFLAEIJCLOCKZolExTlNEgNRECZoNREC]oNREcauTIHADJI.TIHADJE,
TIMADJD» TIMAD G
CONHON/BLocxthENARRz-SVNC(1590}.lesERilsoot-NRECﬂnngFILtzc
ZEROTMZ o wR IDATZ4NTAPER
COMHON/UNPKE/ITlHEZoLCOMHRD(eolIotUA!IHDIJODO)
NREC = 0
IF (NFLSKP? JLE. 0) GO TO 600
NFILSKP = |
100 BUFFER IN(2+1) {(ITINEZ2+LCOMWRDLLPACDAZ))
IF (UNIT{2)) 300+400G.200
200 NREC = NREC + 1
LEN = LENGTHI2)
NRECORZ = NRECORZ + 1
WRITE (6+2) HFILLZ2o4NTAPE2+NRECORZyNRECSLEN
2 FGRMATIIHD,® PAWITY ERROR GLCURRED WHILE SKIPPING RECORDS ON FILE
JNUMBER¥ 122 OF TAPE®Ize UNIT 2.%/54% THE RECORD NUNBER IS#[5.24[3*
LRECORDS HAVE BEEN SKXIPPEDe THE RECORD LENGTH WAS®#[4% COMPUTER WOR
059y
GG TO 100
300 WREC = NREC + )
NRECORZ = NHECDRZ » )
LEN = LENGTH{2)
IF {LEN .NE. LPACOAZ) WRITE(S+IILPACDAZ»LENINRECOR2eNFLLEZ+NTAPE2»
NREC
3 FDRM&T‘IHO.“ LENGTH OF A RECORD wAS NOT EQUAL TO®I4* COMPUTER wWORD
a5 IT CONTAINEDU®I4®* COMPUTER WORDS.*/SX* THIS OCCURRED WHEN ®ECOR
.D'15° WAS SKIPPED ON FILE® 12+ TAPE#*IZ2® UNIT 2. TOQTAL NUNBER
« OF RECORDS SKIPPLD#*{])
oo TO 130 -
400 WRITE{6+4) NRECORZ+NFILEZyNTAPEZ +NRECHNF ILSKPoNFLSKPZ
4 FORMATEIHO.S5R*THERE WERE®IS® RECORLS ON FILE®[2® TAPE#[2e¢ UNIT Z.%/
«f5AT 3% RECORDS SKRIPPED ON THIS FILE « TOVAL WUMBER OF FILES SKIPP
LED*1Z2e TOTAL NUMBER TO BE SKIoPEO#*]2)
NFILEZ = NFILEZ2 « )
NFILSKP = NFILSKP ¢ |
IF (NFILEZ JLE. NTOTFIZ) GO To 500
NTAPEZ = NTAPEZ + |
If INTAPEZ LE. NTOTAPEY GO Tn 450
JELITZ2 = 3nYES
HE TURN
&50 NTOTFIZ = 1
CALL UKLOADW{2)
NFILE 2= 1}
NRECOR 2= 0
NREC = 0
475 GO TO (480+14B85+490) 2 NTAPEZ
480 NTOTREC = NHEC2
TIMADJY = TIMADJR
GO TO 4%5
%85 NTOTREC = NREC]
TIiMaDJ = TIMADJI
G0 TO 495
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COC 6400 FTN V3. 0-P261 OPT=D 02/10/72

490 NTOTREC = NREC4
TIMNADY = TIMADJS
495 IF {IDENT2 .EG. IHYES) CALL HFAODER2
IF (INFILSKP (LE, NFLSKP2) GO TO 100
IF INRCSKP?2 .GT. 00 GO TO &00
RETURN
S00 NRECORZ = 0
NREC = § .
IFINFILEZ JEQ. NTOTFIZIGD TO 475
IF {IDENT2 .EQ. IHYES) CALL HEADERZ
IF INFILSKP .LE., NFLSKP2) GO TO 100
IF (NRCSKPZ .GT. 0) GO TO 600
RETURN
600 DO 1000 I=]1«NRCSKP2
BUFFER IN£2s11 (ITIME2+LCOMWRNDILPACDAZ))
IF (UNIT{2)7) 900.800:700
T00 LEN = LENGTH{Z)
NREC = NREC + 1
NRECORZ = NRECOR2 + 1
WRITE(6s5) NRECORZsNF ILE2+NTAPEZsNRECHLEN
S FORMAT(IHD,# PARITY ERROR OCCURRED WHELE SKIPPING RECORDS. RECORD
. NUMBER®IS® FILE*12# TAPL*I2¢ ON UNIT 2.%/S5X14¢ RECORODS HAVE BEEN
LSKIPPED. LENGTH OF RECORD WAS®][4® COMPUTER WORDS.*®)
GO TO 1000 .

BOC WRITELbe6) NHECNRECORZ NFILE2+NTAPEZ

& FORMAT(1HO® AN EQF WAS ENCOUNTERED WHILE SKIPPING RECORDS.®* 15¢ RE
LCORDS HAVE BEEN SKIPPED.#/S5X® RECOND NUMBER®]1S+ OF FILE#]2e ON TAR
JERIZ® OF UNIT 2,9}

GG TO 1000
900 NREC = NREC + 1
NRECORZ = MRECOHZ + 1
LEN = LENGTH(Z}
IF (LEN .NE. LPACDAZ) WHITECG e IILPACUAZsLEN«NREC'NFILE2+NTAPE2
. NRECORZ
1000 CONTINUE
WRITE{6e7) NRECINRCSKPZ NRECORZ+NFILEZ2oNTAPEZ .

7 FOAMAT (1HO.# COMPLETED SKIPPING®[4+# RECORDS. NUMBER OF RECORDS 10
« HAVE BEEN SKIPPED®Ia® RECOQD NUMHER#IS® FILE#I2# TAPEa]Z2® ON UN
JIT 2%}

RETURN
END

13.01.02.
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SUBROUTINE CONSTMR  TRACE CDC 6400 FTN V3.0-P26]1 0PT=0 02710772 13.01.02. PAGE

SUBROUY INE CONSTMR

COMHON/BCONSTM/NAVEMIR+DIRECMRCHGMIR+ TIMEMIR

COMMON/BLOCK I Z/LENARRL yWINDIRE ¢ 100) sNRECOR]1+NF ILELs
ZEROTML«DIRMIRR¢100) »VOLT (24100} +WRIDATL

5 " COMMON/BCAL 1BR/SLOPE (2) + ZEROTAP (2) + SLOPE AN+ ANINTER s SLOPEHW s
. SL.OPEWDyWDINTER »SLOPEMD s DMINTER
AVEWIR = D -
NRECOR) = 0
: CALL BUFLAS]
19 100 CALL BUFLASI

DO 200 K=l4LENARR]
200 AVEMIR = AVEMIA + DIRMIPRIK)
IF (NRECOR] .LE. NAVEMIR) GO TO )00
DIRECMR = AVEMIR/(LENARRI'NnvsulRI
15 LAST= NAVEMIR + )
DO 300 [=)4LAST
BACKSPALCE 1
300 CONTINUE
READ{Ss1) CHAGMIR»TIMEMIR
2n I FORMAT (A3:F6.2)
uRITEIb.EINﬂECORl.DIRECMR-SLO&EHD-UMINTER
2 FORMAT(IHO.SK*M{RAOR DIRECTION®SAONUMBER (OF RECORDS USED FOR AVERA
JGE®T13/ 1OA#AVERAGE VOLTAGE®SX#SLOPESSX#INTERCEPTSA®DIRECT 10K +DEGH
JEES*/14KFT 43+ 3AF T4 2454FS, I}
25 DIRECHR = SLOPEMD*DJRECMR + DWwINTER + LAO
WRITE {6 IINIHECHR
3 FORMAT(1H®,S9XFT7.3}
NRECORY = 0
RETURN
an END
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SUBROUTINE VOL

100

1

200

- 300

TADS  TRACE CDC 6400 FTN ¥I.0-P26} OPT=0 02/10/72 13.401.02,

SUBRDUTINE VOLTADJ

COMMON/7BVOLTAD/ ISCALE

COMMON/BCAL TRR/SLOPE (2} + ZEROTARP (2D o SLOPEAN ANINTER » SLOPEHN «
. SLOPEWDyWDINTER » SLOPEMD s DMINTER

GO YO (1004200430032 ISCALE

SLOPEAN = 4F,.T36

ANINTER =z =0,411 -

WHITE(6+1)JSCALE+SLOPEANSANINTER .

FORMAT (1H0,SX*ANEMOMETER VALUFS#SXe¢ SCALE®IZ2710XSSLOPE*SX® INTERCEP
JT*/10XF6.3e62F6.3)

RETURN

SLOPEAN = 93,021

ANINTER = 0.451

WRITE(E+1) TSCALE «SLOPEANLANINTER

RETURN

SL.OPEAN = 0.0

ANINTER = 0.0

WRITE (421 ) ISCALESLOPEAN«ANINTER
RETURN

END

PAGE
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SUBROUTINE SPEED TRACE

n

15

2n

2<

n

as

“0

a5

50

S8

€DC 6400 FIN ¥3.0-P261 OPT=Q 02710772

SUBROUT INE SPEED
COMMON/BSPEED/SUMVELO s ISAMPLE . IDATAHY s SUMVOL T+ TIMRAT1 4 CHANNE] »
. DIGRATY s TIMECHG« VOLTCHGaMULT INE o T TMEHW ¢ DCSUPRE
. +FRSTSPD+WRITAPE+PRINTOK
COMMON/BBUMPUP /TIMEL (7020 s VELOCZ2 (T 02}
COMMON/ZBLOCK ) /LENARR) »WINDIRE { 100) +NRECORLsNF ILE Ly
. ZERDTMLsOIRMIRR (100) o VOLT (241001 +WRIDAT]
. COMMON/BCALIBR/SLOPE (21 s ZERDTAP{2) 4 SLOPEANSANINTER W SLOPEHE»
. SLUPEWD s WO INTER«SLOPENDDMINTER
- COMMONZUNPK L ZTTIME] » [COMWRLI{201) » TUATWRD (1000
COMMON/RBUMP/WRITIME (104) »VELACL (100}
COMMON/BBUFLAL/NTOTFI s JCLOCK 1+ IEXITo TIMADASNREC
PRINTOXK = 3H NO
KFIRST = 1
IF (FASTSPD .EG. 3HYES .A« NRFCORD WnE. 0) GO TO 2S5
CaLL BUFLAS!
1F (IEXIT LEA. 3IHYES) GO TO 200
25 DO 100 JDATAWS = KFIRST.LENARR]
VELOCY {IDATAWS) = SLOPE(L1}* VOLTU1+1DATAKS) + ZEROTAP(1)
VELOCI (IDATAWS} = (SLOPEAN® VELOCL{(IDATAWS) + ANINTER) 20,3048
VELOC2 {IDATAHW) = SLOPE(2)}8vOLT{2+JOATANS) + ZEROTAP{2)+ DCSUPRE
IF (FKSTSPD EQ. 3HYES) GO TO S0
SUMYELD = SUMVELD +» VELOCLIIUATANS)
ISAMPLE ISAMPLE + )
SUMYOLT = SUMYOLT + VELODC2(IDATANY)
50 TIMEL(IDATAHW) = TIMRATI®{IITIMEL-ZERQTMIIZ100Q0 + ((1DATAWS )
+#CHANNEY}/DTGLRATLL
IF (TIME)Y(IOATANWY +GEs TIMECKG A, VOLTCHG «EQ« 3HYES}
. CALL VOLTADJ
IF (TIMEL{IUATAHW) oGE. MULTIMESTIMEHW) GO TO 200
100 IDATAHS = TUATAHW + 1
FRSTSPD = 3H NO
ISTART = IDATAHW = LENAPRI*KFIRST=]
00 115 I=KFIRST+LENARR]
WRITIME(L) = TIMEL(ISTART)
115 ISTART = IGTART + ]
120 IF (NRECOR1 ,GE. 2 «A. NRECOR] .LE. B) GO TD 125
1 = NRECORY ~
IF (MODU]+30) LEG. OGO TO 125
G0 10 160
125 PRINT 32NRECORI|
3 FORMAT (1A0.% ANEMOMETER VELOCITY RECORD NUMBER®14//2%¢7TIME+SEC
JSESXH VELOCITY»M/SEC*10X* TIME2SECS#SX® VELOCITYsM/SEC®10X® TIMESS
JECSeSX+ VELQCITYsM/SECH/)
PRINTOK = 3mnYES
WRITE UG+ 1) (wRITIME (L) s VELOCL ([} e I=1«LENARRL}
I FORMAT(IH o )XFB.3s11XF6.3p1SKFB Iy 1 IAFEL3+15KFBLIs 1 1RFb,3)
1F (WRITAPE .NE, 3HYES) RETUKRM
160 WRITE(E+12) NHECORI]
12 FORMAT(IH % NRECOR]=*]S)
BUFFER QUT3el) (WRITIMELL) +VFLOCL1(100))
IF {UNTT(31) 4001804190
180 wRITEL6+8) NRECORLsNFILEL
& FORMAT{IH ¢ EQF ON RECORD NUMHER®]!0® FILE NUMBER®]1D)
GO 10 400

i3.01.02.
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95

100

105

SUBROUTINE SPEED TRACE

190 WRITE(S+7) MRECOR1WNFILE] )
T FORMAT(IH & PARITY ERROR INPUT ON RECORD NUMBER*I)O0* FILE NUMBER

«*I5)
G0 TO 400D

200 AVEVELD = (SUMVELO/ISAMPLE)/0,3048
AVEVOLY = SUMVOLT/ISAMPLE

KFIRST = IDATAWS + 1
DO 250 JK = 1+IDATAWS
250 WRITIME LK) = TlHEl(IDATlHH-IDhTAIS * JK)

SUMVELD = 0.0

SUMVOLT = 0.0

ISAMPLE = 0

MULTIME = MULTIHE + ]

HWINTER = SQHRTIAVEVELCG)=SLOPERN#AVEVOLTH®2

DO 300 Izl+I0ATAHNW
300 VELOCZ2(I} ={{SLOPEMWHVELOCZ2(I)}*#2+1uINTER)*82)50,3048
IF (NRECORL .GE. 2 +4. NRECORY .LE. 8) GO YO 305
[ = NRECOR] - 1}
IF (MOD{1+30) LEQ. OGO TO 205
60 TO 310
IS WRITE(He2) TlMEl(l)oTIHEl(IDAIAHH).NRECORI.(TIHE!(II-VELOCZ(I)- I=
L1 IDATAHN)

2 FORMAT (1H0+% HOT WIRE VELOCITye CALCULAYED FOR TIME PERIOD FROM®
WF7.2% TQOFT,2% RECORD NUMBER#*(3//% TIME.SECS*SX® VELOCITYeM/SEC*10
JH* TIMESSECSSX® VELQCITY+M/SEC®10x# TIMESSECS#SX® VELOCITY+M/SEC®
W7o UL FBa A 12K FEa e luXeFBade)2heFbadslaXsFB.3012%0Fba3)}

IF (WRITAPE LEQ. IHYES) GO TO 310
IF {(IEXJT LEQG. JIHYESIHETURN

307 IDATAHW = |
IF {KFIRST ,GT. LENARRLIGO TO 120
GO TO 25

310 M =1
PRINT 134NRECOR)»IDATAHW

13 FOAMATUIH +# H, W, NRECOR)=®*[10* NUMBER OF WOR(S = =110}

LAST = 2
IF (IDATARW .LE. J0IILAST = 1
00 370 L=1.LAST
N = N +» 300
IF (1 .EQ. LAST) N = IDATAHN
BUFFER QUT{3.,1) (TIMELIM)+TIMELIN))
IF (UNIT(31)340+330+320
320 WRITE(54+8) NRECORI+NFILELwMeN
B FORMAT{IH »* PARITY ERROR ON HY TIMEes RECORUSL]0® FILE®{)® Mme]Ss
+N=#]5)
GO TO D40
330 WRITE(6+9) NRECORI+NFILElsMeN
9 FORMAT{IH % EOF ON #W TIMEs RECORU*IIO® FILE#]3® Mas]S8 N=#]5)
240 AUFFER OUT(3e1) (VELOCZ (M) +VELOC2IN})
IF (UNIT{D)) JT0+360.3%0

350 wRITE(S5+10) NRECORL+NFILELsMeN

10 FORMAT(IH +% PARLITY ERROR ON pW VELOCITYs RECORD®I10® FILE'I3' H=®
2 15® N=#15)

GO 10 370
360 WRITE(Se1)1) NRECORIWNFILELsMsN
11 FORMAT(IH . EOF ON Ha VELOCITYs RECORD® 110% FILE®#13® MzelS® N=#]

COC 6400 FTN VI,.0-P26] OPT=0 02/10/72

13.01.02,
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SUBROUTINE SPEED TRACE

-2
370 M = M o+ 301
IDATAHN = ]
IF tIEXIT ,EQ. 3IHYES) RETURN
115 IF {KFIRST ,GT., LENARRLIGO TO 120
G0 TO 25
400 RETURN
END

CDC 6400 FIN V3.0-P26) OPT=0 02/10/72 13.01.02,

PAGE
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SUBROUTINE AVEWIND TRACE

COC o408 FTN V3,0-P26]1 DPT=0 J2/10/72 1).01.02,

SUBROUTINE AVEWIND
CDHHON/BAVEH!NIJSAHPLE.SUMH]NDtNULTIHl TIMAVNDAVERD (3000}
+LASTIME
COMMON/BSPEED/SUMVELOsISAMPLE Ioatanu.sunvoLroTINRATIoCHANNE!o
. CIGRATL+» TIMECHGVOLTCHGeMULTIME + TIME MW y DCSUPRE
+FRSTSPD+WRITAPE PRINTOK
COMMON/BBunPuP/T[HEl(102).V£anzt7021
COMMON/BLOCKYZLENARH ] oW INDIRE (000) oNRECORY +NF ILEL S
ZEROTMLsDIRMIRA{L00) s YOLT I24100) o WRIDAT)
connoN/BCALIBRfSLGFE(ZJ.ZEROTAP(EJ.SLOPEQN-ANINTER-SLDPEHu.
SLOPEWD s WO INTER+SLOPEMDsMDINTER
J- IDATAHW = LENARRL = }
00 100 X=1.LENARR]
J= e}
JSAMPLE = JSAMPLE » ]
SUMWIND = SUMWIND ¢ WINDIRE (K)
IF (K LT. LENARRIIGO TO 100

150 AVEWD(MULTIHI) = SUMWIND/JSAMOLE -

AVEWD (MULTIM1) = SLOPEWD®AVEWD(MULTIMI) + WDINTER

MULTIMY = MULTIMLE ¢ 1 -
SUMWIND = 0,0
JSAMPLE = @

100 CONTINUE

}

IF {WRITAPE EQ. IHYESIRETURN
WRITE (641) TIMAVMDWMULTIME o EAVEWD LI} o I2LASYIME JMULTIMIY
FORMAT(IH +» WIND DIKRECTIONS [N DEGREESe MEANS OF DATA FOR®FS,)®

«SEC INTERVALS« THIS IS INTERVAL NUMBER®I&/{(10F10.3))

LASTIME = MULTIM]
RETURN
END

PAGE
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SUHROUTINE LASWRIY TRACE

SUBROUTINE LASWRIT
COMMOM TIME2(200)+VELOLAS(2001+ IPOINT
COMMON/BLOCKZ/LENARRZ+SYNCLI5n0) + YLASERE1500) +NRECORZ#NF JLE2e
. ZEROTHZ »WRIDATZ,NTAPEZ
WRITE (645) NRECORZ. I1POINT
S FORMATI{IH »» NRECOR2=#110* NUMBER OF WORDS =#1)0)
50 4 =1 :
N = [PDINT ~ } .
BUFFER OuT{3el) (TIMEZIM)+TIMEZ(N}}
IF tUNIT (311 300+200+100

100 WRITElS+1} NRECORZ«NFILEZsMsN

1 FORMAT{1H «*% PAR]TY EQROR ON {ASER TIME RECORD NUMBER#*I10®FILE WUM
LBER#I3# M=#]%® N=e]5)
GO TO 360
200 WRITE(642) NHRECORZWNFILEZ29MaN
2 FORMAT(IH ,¢ EGF ON LASER TIME RECORD‘IL0® FILE *I3% Mc®1S% Nxe15)
300 BUFFER OUT(3+1) {VELOLAS(M) 2 YELOLAS(N}])
IF (UNIT(3})600+5004400
400 WRITE(6H+3) NRECORZ«NFILEZsMN
3 FORMAT{1H +# PARIFY EAROR ON (ASER VELOCLTY, RECORD®JI)0® FILE#[I®
LME=RIGE N=e]5)
60 TQ 60¢C
S00 WRITEL6e4) NRECORZWNFILEZ24MeN
4 FORMATUIH & EOF OH LASER VELOCITYs RECORD®I1O0#FILE®]3* Maw[58 N=*
2 15) :
600 TIMEZ{1) = TIMEZLIPQINT)
VELOLAS(I) = VELOLAS{IPOINT)
RETURN
END

CDC 5400 FTN VI, 0-P26] OPT=0 02/104/72 13.01.02.
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25

30
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40

g//

unpPAK ]

]
2

—

10

1t
11
12
13
14
15

16

312
1750
T170000001
7100004000
43214

S1iqoo0000 C
6160000321 C
6170002261
6150000060
6110000074
5011000001
6166000001
11621
67515
22656
67515

11760
0307000011 «
15660
14666

2160}
SH860
0467000000
055000001a »
6150000060
“3zl4
0400900005 «
20260
6155777763
0400000005 +

66302

L
LENGTHA
LENGTHB
.

NE
-]

UNPAK]L

GETED
GET12

S5TORSB

INNID

DONE

IDENT UNPAK]

COMFPASS - VER 2.0 M Q2700772 11.00.56. PAGE

INSERT LENGTHS OF PACKED AND UNPACKED ARRAYS

SET
SET

202
1000

USE
B5S
BSS
USE
ENTRY UNPAKL
B5% 1t

SX7 18

SX¢ 40008
MX2 12

SAl nE

SBe  pP-}

S87
oS85 «8
581 kO
SAL  ale}
SBe A6+l
BX6 x2#X)
SHS HI1-85
LXb uS.X6
585 Rl-85

FUNPK LS
LENGTHA®
LENGTHB

BXT x&=x0

F4] A7+STORB
BX6 -X0*Xé
BX6 =Ké

855 'n
Ak ]
5A6 A&

A+LENGTHB~])

A(l) -== FIRST WORD OF ARRAY (TIME WORD) IS IGNORED
8¢J) BASE
BLLAST)

GET Atl)
MASK QUT 12 RITS
AIGHT SHIFT
But
AYOID SIGN EXTENSION
€K FOR SIGN BIT

MASK OUT SIGN BIF

DELETE 2ERQ-BLIT RIGHT-FILL
STORE IN BN

EQ a6 ¢l T 4 DONE
NE RSB0, [INMID

SBS  4d

Mrz 12

€Q GETS0
L2 44

$85 1S5e)2
EO GET1I2
EOU  INPAK]
END

STORAGE USED
6400 ASSEMBLY

44 STATEMENTS
0,338 SECONDS

10 SYMBOLS
23 REFERENLCES



10

15

20

25

3o

35

40

L7/

UNDAK2

1¢

11
i1
12
13
14
15

16

1132
5670
7170000001
7100004000
43218

5110000000 C
65160001131 €
6170007021
6150000060
6110000074
S011000001
616600000}
11621
67515
22656
67515

11760
0307000011 +

els0l
56660
0667000000
055000001s »
6150000060
43214
0600000005 «
20260
B15STTTT63
0400000008 »

43417

LENGTHA

LENGTHB
-

NE
8

UNPAKZ

GETO0
GETY2

STORB

INMID

DONE

STORAGE USLD
6400 ASSEMALY

COMPASS - VER 2.0 M Q2710,72 13.01.57.

1DENT UNPAK2

INSERT LENGTHS OF PACKED AND UNPACKED ARRAYS
SET w02
SET 3000

USE /UnNPK2/
855 LENGTHA
A55 LENGTHE

USE

ENTRY UNPAKZ

855 1

SA7 18

SKQ 40008

LY T -
SAl NE A1) -—== FIRST WORD OF ARRAY (TIME WORD) 15 IGNORED
5d6  B-1 BtJ) BASE

St7  PAsLENGTHE=] BILAST)

SAS  ad

581 60

SAl ale) GET A¢I)

SB6 Rbe1

uXk&  w2sxl MASK OUT 12 BITS

585 Ql-B5 RIGHT SHIFT

LX& RS.X56 BUT

5845 Al-@5 AVOID SIGN EXTENSION

BRT  x6%X0 CK FOR SIGN 817

R xT+5TORB

BAS =X0O*Xb MASK OUT SIGN BIY

BX6 =A6

855 o

AXE6 1 DELETE ZERO-BLVY RIGHT-FILL
5A6 RO STORE IN B{J)

EQ A6+ BT+ DONE
NE RSB0,y INMID
585 4B

Mx2 12

EQ GET60

LX2 a8

SHBS ROL-12

EQ GETYZ

EQU 1 UNPAK2

END

&% STATEMENTS
0.33% SECONDS

0 SYMaoLs
23 REFERENCES

PAGE



o

10

15

20

0

a5

45

50

55

UNLOADW

246
247
250
251
252
251
254
255
256
257
263
266
271
2r4
300
304
307
314
azi

03111720000000000000
1523070000000000000¢
01022401000000000000
01022400000000000000
15051500000000000000
22031400000000000000
051564400000000000000
01030520000000000256
6¢g00000LO00O0000Q000
06111405552701235%22
55251614170104551716
$525161417010455]1716
55202217072201155503
S5222516550102172224
S522259165505]16240122
55222516550102172224
552701112411 16075500
55222516550516040504
00020000000000600000

cloc
MSGC
ABTCS
ABTEC
MEMC
RCLC
ENDGC
CNICC
CNTCCB
MSG)
MSG2
M5G]
HSGe
M5 065
MSG5
MSGT
M509
M5GH
SAVEW

CALLPP

CLOSER

10ENT
ENTRY
USE
vFD
vFD
VFD
¥FO
vFD
vFD
¥FO
vFD
DATA
DATA
DATA
DATA
DATA
OATA
DATA
OATA
DATA
DATA
DATA
USE

MACRO
1FC
BXT
SAS
NZ
SA7
SAS
NI
ENDM

MACRO
LocaL
543
1.1%
s
ZR
MX{
LAD
SA3
BAT
BXa
5kl
ax3

COMPASS - YER 2.0 M 02/10/72

UNLOADW

UNLOADY

DATA.

18/3LCI0+v27 124070

18/3LMSG42/0

18/3LABT+671+306/0

18/3LABT 4270

IB/3LHEM»42/0

1B/ILRCL 4270

18/ ILENDe42/0

1873LACE 2/ 142270+18/CNTCCB
s+ 108 READ FORWARD

[
CHFILE wWAS HEWOUND BEFORE RETURN #

C* UNLOAD OGN NON-TAPE FILE *
C* UNLOAD ON UNDEFINED FILE *
C* PROGRAM CONTINUED *

13.01.59,

408 FOR BACKSP

C* HUN ABCRYTED WITH SPEC PROCESSING = .
C* RUN ENTIRELY ABGRTED - OQUMP *

- C* RUN ABORTED wITHOUT DUMP #

C* WAITING FOR NEXT REEL = GO TO CONTINUE®
C* RUN ENDED WITH NO DUMP <NORMAL CC STREAM ®

"}
-

A
NEs#opAR, ]
A A

1

kS

AS

AS

RS

LOPE
g2+2
Ad+}
KI=A&
XS+LOPE
18

i8

[T
=X0*x3
AG*X3
Jd

=K} =Xs

« IN EQ OUT

PAGE

2



)

[T/

10

15

25

30

15

40

“5

55

UM OADW

LOPE

REMIND

wALTER

IR
SK1
In
5X1
BX3
NZ
SXo
8Ab
SXS
BX6
aus
SAé
SAG
SAL
BA?
CALLPP
B85S
ENUM

MACRO
CLOSER
SAS
HMXD
LAD
BXo6
5X0
BX5
SKé
BXS
Bxo
SAS
SAbG
SAS
BX7
CALLPP
SK6
SAS
ua?
CALLPR
ENDM

MACRO
LOCAL
SRa
SAS
BAT
CALLPP

AIsLOPE
48
X3+LOPE
s008
x1®X4
X3+LOPE
28
Qa4
248

KB+ XS
KT+A6
B

a2

cl1ocC

RS ekb

0

B2

18

18
=X0*A5
28
15*X0
08
K4* XS
A6+ XS
a2

[°F4
cloc
AS+X6

M5G1
MSGC
KG+X5

LopP

MSGY
M5GC
X e kS

CONPASS = VER 2.0 M 02/10/72

« FILE NOT OPENED
« WRITE MASK
+«NOT OPEN FOR WRIVE

« SPECIAL FUNCYION CODE

WRITE CODE

ADD PARITY 81T

ADD LOGICAL FILE NAME
RESET FIRST wORD FET

« ADD FET ADR TO CALL %ORD
END INSTRUCTION N MACRD

»SAVE FILE NAME

«REMIND CODE
«ADD PARITY BIT
«ADD FILE NAME

+GET WAIY DAYFILE MESSAGE
«GET PP CALL WORD
+ADD ADDRESS TG CALL wORD

13.01.5%,

PAGE
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Y

"

10

20

2%

30

40

45

55

UnL0ADW

W =

5021000001

03202000003 «

10722

53220

LOP -

UNLOAD

PHSG

UNLOADW

SXxo
SAS
BX&
SAS
542
CALLPPR
SAS
BX5

NZ
ENDM

MACRO
CLOSER
SAS
MX0
LXg
BAL
SAB
RS
Sha
BXS
BXo
She
SXé
545
BX7
CALLPP
ENDM

MACRO
SKé
SAS
ox7
CALLPP
ENDM

LIST
8352
Sa2
R
SAZ
87

1ocooR

- de

18
18
-A0&K5

AS*X0
o0
KaeXS
X6*XS
B2

o2
clocC
A5+%6

MSGL
n6+X5

Alel
A2rie])
x2

A2

COMPASS - VER 2.0 W 02/10/72

o«SAVE FILE NAME

sUNLOAD CODE
«ADD PARITY 817
«ADD FILE NAME

13.01.59.
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|74

10

15

20

2%

35

“f

45

50

55

UMLOADW

is
51

104

105

106
106
14l
| Y-

[ %1
14%

147
150

151
152
153
1S54
155
156
157
150
151
166
t4?
174

200
201
205
21e
213

220
22}

222
226
27

233
214
24l

2ts
322

S170000321 «
63210

67202

0100000000 X

0720000105 +

5152000001
0225000105
-+ 5132000002

7140000307 +

5132000002

0400000000
7160000266 «

$132000002

0400000142 »

7150000260 «
5150000247

5156000001

2765

5150000321 +

613000000%

631250

06320001%) «
66200

6220009153
6600000000
040000026}
0400060167
0400000201
0400000201
040000023
0.00000000
7160000271
0400000000
7160000274
515000025]

0g00000000

-

(=2 B B B A )

755

1160000300 «
S150000250 +
1075%

0000000000

7160000206 +
5140000255 «

11A0000010

5160000256 »

10764
5150000070

0315000221 »

5120000254 +

4000000000

1

or22

114000021a »
5120000254

0o00000000

1

orzz

NTDEF

NTTAPE

CONT,

*

JMP

L B

-
EXIT]
ExIT2

EXIT3

EXIT4

LooRP

EXITS

SA7
S82
582

RJ

LT

SAS

PL
UNLOAD
WNAITER
REwWIND
EQ

SXb

EQ

H5%
REwIND
5X6
S5AS
BAT
CALLPP
SAS
sH2
583

GE

1. 4

JP

EQ

EQ

EQ

EQ

EQ

£EQ

EQ
PMSG
[¢]
PMSG
SAS
CALLPR
P5
PM5G
SAY
CALLPe
PS
PM5G
SAG
Sk
SA6
CALLPP
SAS

NZ

542
CALLPP
PS
PM5(
SA¢
CALL PO
PS

END

COMPASS -~ VER 2.0 W 02/10/72

SAVEW
x1+80
ag~-82
=XGETBA

HE +B0«NTOEF
B2+]
ASeNTTAPE

UNLCADW
MSGJ
CaNT.

Q

H362
MSGC
KO+ RS

SAVEW
iS

58
BIvB2ete]
: 1)
JMP+B2
JNLOADN
EALT]
EXLT2
EX1T3
EXIT4
EXITS
UNLOADN
MSG4
UNLOADW
MSGS
ABTC

EY

M5G6
ABTCS
5

MSG7
CNTCC
108
CNTCCR
&

708
ASsLOOP
ENDC

&

MSGd
tNOC
4

13.0}1.59.
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APPENDIX A-2

Computer Program for Determination of Velocity Profiles
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ST/

PROGRAM

10

15

s

EL]

as

40

a5

5Sn

55

ANE

100

VEL TRACE COC 6400 FTN V1.0-P261 OPT20 02/10/72 12.53.4%. PAGE

PROGRAM ANEVEL (INPUT»OUTPUT »TAPES= INPUT o TAPEG=0UTPUT TARPEL oF [LMPL)
COMMON TIME (101} +VELOC(6+100) «NCHANNCLENARRYNF ILE2NRECOR LEXTY
COMMON /BCATHRY NCALVAL, ACTVOLTUS) +SLOPELS) s ZEROTAP (6]

. STANDEVIO+S)svARI

COMMON/BBUF ANEZTOENT « [IPARITY o LPACDAT »EOFMUL 4 NTOTFIL 9 PLOT
COMMON/B50RT/ IBEGSKP s wRITOAT 1SKIPFACTOR

COMMON/8BVOL TAD/ ICHANGE  SCALE (A} s ZERDACT 48} s VOLTCHG» TIMECHGS

. T1SCALE (&) ‘
COMMON/BPLOTVE/ELEV{G) » SUMAVE (61 o 1SAMPLE +LABELX (42 sLABELY (4}

. LYITLE {4) +HULTIME « IDATAPT
COMMON/RSK IPEO/NF ILSKP ' NRECSKP

COMMON/UNPR #TTIME » ICOMWRD{Z00) o« IDATWRO(1000)

DATA LABELX/&OH YELOCITYs M/SEC /

. sLABEL Y /40N FLEVATIONs M /

. +LTITLE/40H © VELACITY PROFILE /
REWIND 1

READ (541} TOENT o wRITAPSEQOFMUL s wARITDAT 4 WRITPAPSPLOT»VOLTCHG

LPACDAT e NCHANNC o NC AL VAL # [SKIPy IBEGSKP+LENARReNTOTFIL
PLOTIMEsAVETIME s LISCALECL o [=) o)  {IELEY L) s ]=lst) o VAR]L
DIGRAT s (ACTVOLT L)) 151953 s TIMERAT s CHANNEL + T IMECHG

INSTCAL»TAPECAL
FORMAT (X TadeT104s2F5,34B11214/901F0a2) e2F542+5(F2.110dFI172A0)
WRITE{6y3) TUENTywRITAPSEGF ML s wRITDAT o WRITPAP+PLOT wyOLTCHG

LPACOAT aNCHANNG o NCAL VAL ISKIP 2 IBEGSHP 2 LENARR«NTOTFIL s
PLOTIMESAVETIME » (YSCALECL oIzl ot} s LELEVIE) v ]=)sb) aVAR]
DIGRAT e CACTVOLT (1 o T1=105)+ FIMERAT o CHANNEL s+ TIMECHG
TSTCAL s TAPECAL
FORMAT (1HOy#» IDENT =#A4% WRLITAP =%#A4® EQFMUL =#®A4® WRITDAT =¢A4w W
LRITPAP =#Ages PLOT =#p4® VOLTCHG =en4/% LPACDAT =#]4% NOHANNG ae]2#
o NCALVAL =#]2% 1SKIP =%113% JUrGSKP =®]39 LENARR =#14% NTOTFIL =#12
o/® PLOTIME =®#FS5.1% AVETIME =#F5,1% I[SCALE(] THHU &} =#6]12/% ELEV(]
o THRU B) =26F8.2% VARI =¢F4.2% DIGRAT =8FS5.1/% ACTVOLT{l THRU S) = .
«#SFE, 10 TIMRAT =%F4,1% CHANNEL =0F4.)% TIMECHG =*Fl.1/¢ INSTCAL =*
LAG® TAPECAL =*Au}
IF (IDENT.EG. INTESICALL HEAUFH
IEXIT = 3n NO
CORTIME = 3M NO

LI Y

JELOCK = 0
ZERNTIM = 0.0
ICHANGE = ¢
FACTOR = SQHTI2,)/12.%%9 = },9]
MULTIME = 1
NRECOR = 0
HBADDATA = 3+ NO
NEXTPTS = @
NFILE = 1
IPARITY = O
1SAMPLE = 0

00 100 [=1+NCHANNC

SUMAYELT)Y = 0.0

IF (TAPECAL LEQ, IWYES) CALL CALIBRA
IF(THSTCAL JNE, JAYES)IGOTO 107
NFILSKE = )

HAECSKP = 0

CALL %« IPEQF



v

6n

65

7

5

b=

90

95

ANEVEL TRACE CDC 6400 FFN VI.0~P261 OPT20 02/10/72

102 CALL VOLTADY

103 CALL BUFANE
IF {TEXIT .EQs MHYES) TIMELIDATAPT=1} = TINECIOATAPT=]) + 0.}
IF U1EXIT .ENe 3IHYES) CALL PLNTVEL
IF (NRECOR .EOQ.1 +AND. ITIME _NE. 0) ZEROTIM = ITIME
IF ({ITIME = 999999) .GT. =12n00F CORTIME = IHVES
ITIME = 1TIME ¢ JCLOCK * 9999949
IF (CORTIME LEQ. 3HYES) JCLOCK = JCLOCK + |
CORTIME = 3H NO
IOATAPT = ]

105 00 110 I=]1+NCHANNC
VELOC(I+ IDATARPTISSLOPELT I *VELNC( 1y IDATARPT) + ZEROTAP(I}

110 VELOC{I+IDATAPTY = (VELNCU(I+INATAPT)#SCALEL]} +ZEROACTII}I®0,3048

TIME(INATAPT)I= TIMERAT# ({ITIME ~ZEROTIM)/Z]10000.+({IDATARPT=1)*

. CHANNEL ) /T IGRATY
IF (TIMECINATAPT) oGE. TIMECHG «ANUe VOLTCHG +EQ. 3HYES)
. CALL VOLTADJ

IDATAPT = JDATAPT + 1}

{F (AVETIMESMULTIME LLE, TIME¢I1DATAPT-1} .AND. PLOT

. +EQ. IHYES} GO TOD 120 :

IF { IDATAPT .LE. LENARR) GO 7O 105

IF (WRITPAP LEQ, 3HYES) GO TO 134

IF (WRITAP LEQ. 3JHYES) GO TO 135

60 TO 103
120 DO 130 I= 1} NCHANNC
130 SUMAVEtI) = SUMAVE(I) + VELOC({1+I0ATARPT=-1}

1SAMPLE = 1SAMPLE + ]

IF { TIME{JOATAPT=]1) .GE. PLOTIME®*MULTIME) CALL PLOTVEL

iF (IDAYAPT JLE. LENARRY GO Tn 105

IF (WRITPAP .EQ. 3HYES) GO TO 114

IF (WRITAP EQ. JHYES) GO TO 135

GO TD 103
134 ARITE(612)
2 FORMAT L LH) 46X% TIMESSECS*IOX® VELOCITIES+M/SECHAX® LEVEL 1%4X

. ® LEVEL 2%4X® LEVEL J%aX* LEVEL 4%4X* LEVEL S5%4Xe LEVEL 6%

. /1)

WRITE (6s&) (TIMELJ) o (VELOC (L4 JYs]=1+6) s J=1+LENARR)
4 FORMATIIH o100 (aXeFlds3¢2BR16(FEIeBK}/})

GO TO 103
135 CONTINUE
140 CONTINUE

END

12.53.49.
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LT/

SUBRROUTINE CAL 1BRA TRACE

1n

18

an

29

ED]

3=

“n

“8

Sn

55

SUBROQUTINE CALIBRA

COMMON TIME (1013 «VELOCI6+100) dNCHANNC+LENARRNFILESNRECORs EEXIT

COMMON /BCAIHR/ NCALVALs ACTVNLT(S) «SLOPE(6)+ZERQTAP (6] s
STANDEVi6+5) »vAR]

DIMENSTON SUMCAL {6) +SUMTAP {6 +SQVALUEI6) s SUNACT{B) s ACT X TAP{6)s

3 SUMSQ{645) ¢RECHEANL{A N + TOTMEAN (65 s TEPMEANITE D} s SUMEAN(G} 2
. TEHPSUM (&)

ICHECK = 0

NSAMPLE = 0

LASTCAL = 0

ICALVAL 1

DO 108 I=)s NCHANNC
SUMEANILIY = Q.0
TEMPSUM(T) = 0.0
SUMCAL (] =
SUMACT(E) =
SUMTAPI{I) =
SOVaLUELT)
ACT X TAP(]
TEPMEANTL)
RECMEANITY =
o0 100 J=1s N
TOTHEANLT A JY

100 SUMSDIT+J) =
105 CALL BUFANE
’ GOTORUF= 3H ND

IF (ICALVAL +EQ. NCALVAL) LASTCAL = LASTCAL + |

0D 110 X=1+LENARR

0O 110 =1,y NCHAMNC

130 SUMCALtI1= SUMCALA(L} + VELOC{Y+K)

IF LICHECK .GT, G} GO TO 13)

NSAMPLE = NSAMPLE « |

DO 125 I=14+ NCHANNC

RECMEANTT)= SUMCAL{I)/ZLENARR

IF INRECOH LEG, 1) GO TO 120

1F (RECMEANCT) ,GT. TOTMEAN(IJICALVAL) + VAR] OR. RECMEANCI} LLT.
. TOTMEAN(I«ICALVAL) - VARIY GO TO 130

120 IF (] LEN. ) W=ITEL{Oe ) INRECOR» ICALVAL+ACTVOLT(ICALVAL}

1 FORMAT(IHOSX*RECORD MEANS®4Xe+RECOND NUMBER®IATA®RCALIBRATION®I2+%
JARINPUT VALUR®FS.1/1 IX®CHANNEL ®*LOXSMEAN®LIX#*CUMULATIVE MEAN®HX®NUN
JHBER RECGRUS FOR CUMULATIVE MEAN®)

00 123 K=l .LENARR
123 SUMSQ{T+ICAL VALY = SUMSO(LsICALVAL) + VELOCU{IWK)®e2
SUMEAN(L) = SUMEANLI) + RECMEANI(I)
SUMCAL (I) = (.0
TOTMEANITs ICALVAL) = SUMEAN{ L) /NSAMPLE
125 WRITE(Gs2) |+ RECHMEANTL) o TOTHEAN (T« ICALVAL ) +NSANPLE
2 FORMATLIHN 21240122 0XeFa b janaFBews253X13)
GO TO 105
Y30 NSAMPLE= NSAMPLE = 1
ICALVAL = ICalLVAL + )
131 IF (ICALVAL .GT. NCALVAL JAND, LASTCAL .GT. 3} GO TO 160
JICHECK = JCHECK + 1
WAHETE (oo IINKRECOR JCALVAL s ACTVALTCICALVAL)
3 FORMAT {1HD s SA®TEMPORARY MEANSeSX®RECORD NUMBER®J4.)0XK*CAL IBRAT ION®

[N -]
.
o

SCHOSoONDe »

h =

COC 6400 FTN V3.0-P261 OPT=0 02/)10/72 12.53.44.
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KT

&0

65

™

75

Rf

85

90

95

loo

1os

SURROUTINE CAL

&

137
135
1640

150

160
5

170

[

175

180
1

190

200
9

18RA TRACE COC 6400 FTN VI.0-P26]1 OPT=0 02730772 12453409,

D124 X*IKPUT VALUE*FS L/)IASCHANNEL®1QX*MEANS }

D0 140 I=1ls NCHANNC

RECMEAN(I) = SUMCAL{I)/LENARR

WRITE(G14) [+RECMEAN(I)

FORMATU{IH ¢12XI2+10XFBad)

SUMCALLI)Y = 0.0

IF (1CHECK LEQ, 1) ‘GO Tn 138

D0 137 K=)si ENARR

SUMSO{T s JICALVAL)= SUNSQ(!:ICALVALI ¢ VELOC(IeK)ue2

TEMPSUM(TI) = TEMPSUMII) « RECMEANLD)

IF (RECMEAN{IT GT. TOTMEAN(],.ICALVAL~]1) ¢ VAR] JOR. RECMEANLID

LT TOTMEANITICALVAL=]) = VARI) GOTOBUF=3WYES

CONTINUE

IF (ICHECK.GT. 3} GO TO 1640

iF (GOTOBUF (En. JHYES) GO 10 105

DO 150 J=1l. NCHANNC

TEMPSUMLT) = 0,0

SUMSQ{T« 1CALVALI=0.0

ICHECK = 0

ICALvAL = [JCALVAL = |

GO T 105

1END = ICALVAL = 1

WHITE(6+5) TENDVACTVOLT LIEND?

FORMAT{1HO.SX*STANDARD NEVIATIONS®JOXPCAL IBRATION®12,SX8 INPUT VALU
JEOFSL /LAY CHANNEL #1OX#AMSS)

DO 1710 151, NCHANKNC

STANDEV I+ JCALVAL=11= SORTI(SUMSQILoICALVAL=~])/ INSANPLESLENARR} -

TOTMEANIT « LICALVAL=]o82)

HRITEIe-bl T+STANDEV (1 1END)

FORMAT(EH +12X12+474F9.1)

NSAMPLE = JCHECK = 1

00 175 1=)«NCHANNC

SUMEANTtIY = TEMPSUM{])

TOTMEANII»ICALVAL) = TEMPSUMIT)/NSAMPLE

TEMRSYUMITY = 0,0

1CHEECK = D

If (ICALVAL LLE. NCALVAL) GO TQ 10%

WRITE(6+?) NRECOR

FORMAT{)HO,SARACTUAL VS TAPE vOLTAGE®LOX®LEAST SQUARE METHOD®SX®#NU
LMBER RECORDS USEQ FOR CALCULATIONS®*[I)

DO 200 1=1+ NCHANNC

DO 190 J=le NCALVAL

SUMTAP(IESuUMTAREI) « TOTMEAN{]+J)

SOVALUE L) =SOVALUE(T) +TOTHEAN L J) #w2

ACT % TAPIIY = ACT X TARP{I) « TOTHMEANEI»JIEACTVOLTY ()

SUMACT(I) = SUMACT (I} + ACYvOLTID}

SLOPE(T) = (SUMACTIIN®SUMTAR{T) =NCALVAL®ACT X TAP{]1}1)/
. (SUMTAP () #e2-NLALVAL® SQYALUE(I)}

ZERNTAP(I) = (SUMTAP(I}#ACT X FaP(l} = SUMACT(I)®*SQVALUE(]1)}/

(SUMTAP () ®a2- NCalLVAL*SQVALUEITY)

dﬂITE(&oB) To CACTVOLTCL) o+ TOTHMEANTL v Jb v d=]1 o#NCALVAL}

FORMAT (1HQ410X2C o A N N E Lol3/15X®VALUES USED FOR LEASY SGUARE
JCALCULATIONS®IOASINPUT VALUERSXSTAPE VALUE*/{G9XFale11KF6,.T))
WRITE(&29) SLOPE(I) o 2ERNTAP (I

FORMATEIH «15XevALUES OBTALNEN FROM LEAST SQUARE CALCULATIONS®TA®S

PAGE
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b7

SUAROUTINE CAL1BRA TRACE

JLOPE®ANS INTERCEPT®#/6BXFS5.39114F5.3)
RETURN
END

COC 6400 FYN V3I.0«P2561 OPT30 02/10/72 12.53.49.

PAGE

3



0E/

i

1=

a2n

28

an

s

SUBROUTINE BUF ANE TRACE

100
105

110
115
120
125
130

135

136
140
1
2
3
1

50

COC 6400 FTN V3.0-P261 OPT=0

SUHROUTINE BUFANE

COMNON TIHEthll-VELOCI&-IOD!.NCHANNC-LENARRoNFlLEgNRECOR-IEKlT
COMMON /BAUFANE / IDENT o IPARITY o PACDAT sEOFMUL o NTOTF EL » PLOT
COMMON/UNPK /I TIME « ICOMSRO(Z200) o IDATWRO{1000)

DO 105 T=l.LPACDAT

ICOMWRD(L) = 0

LUNPDAT = LPACDAT & §

00 110 I = 1sLUNPDAT

IDATARO{Y) = O

NRECOR = NRECOR + |

HUFFER IN (1+1) (ITIME ¢ LCOMNRU(LPACDAT))

IF (UNIT(i)) 16041304335

NRECOR = NRECOR - 1

WRETE (H+1) NRECORs NFILE

NRECOR = 0

NFILE = NFILE +]

IF (NFILE .GT« NTOTFIL)Y GO TO l36

IF (IDENT EQ« 3HYES)CALL HEADER

GO To 100

IPARTTY = JPARITY + ]

WRITE {&s2) NRECORe NFILE

NRECOR = NRECOW - )

WRITE (&+3) IPARITY

GG TO 115

IF (PLDT JEQ. 3IHYES) LEXIT = IHYES

IF (PLOT .EQ., 3HYES) GO TO 150

CALL ExfY

CALL LINPAK

CALL SORTANE

FORMAT t1HO.® TAERE ARE #l4¢ RECORDS ON FILE NUMBER*I3)

02710772

FOHMAT {1HDw® PARITY ERROR OCCURRED ON RECORD NUMBER®I4* FILE NUME

. Erell)

FOHMAT {}HOs® THERE HAVE BEEN®]13# PARITY ERRORS*)
REFURN

END

12.53.49,
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in

SUBROUTINE HEADER TRACE

110
2

100

1
120

CDC 6400 FTN V3.0-P261 OPT=0

SUBROUTINE HEADER

COMMON TIME{]1O1) o VELOCI69100) JNCHANNCsLENARR +NF ILE+NRECOR 1EXIT

COMMON/BHEADER/ID(2)

HUFFER IN(1.8){I0€2).1ID(2))

IF (UNIT (1)) 1004110+310

WRITE(6+2) NFILE

FOQMAT{1HO.* PARITY ERROR OR EOF OCCURRED IN NEADER OF FILE NO®
13

WRITEl6e1} IDeNFILE

FORMAT{1Hl,# HEADER IN BINARY #2A10¢ ON FILE NUMBER *12)

RETURN

END

o2s1a,72

1253449,

PAGE



e/

In

SUBROUTINE SORTANE TRACE

SUBROUTINE SORTANE

COMMON TIME (101 ) «VELGCU69100) yNCHANNC +LENARRNFILE +NRECORy EEXIT
COMMON/RSORT 7 IBEGSKP+WRITDAT s 1SKIPFACTOR

COMMON/UNPX /21 TIMEs ICONMRD (200} « IDATWRD{1000)

Mz IBEGSKP

. VELOCHL- 1)

100

00 100 1=l.LENARR

IDATWRD (M) * FACTOR
IOATWRD (M1} & FACTOR
IDATWRD (M+2)#FACTOR
INDATWRD (M+3} * FACTOR
1DATWRDIM+4) * FaCTOR
IDATRD{M+5) * FACTOR

VELOC (241}
VELOC (341
VELOClasI)
VELDCIS. 1)
VELOC{6+1)
M = M+ ISKIP

1F { WRITDAT .Ea. 3INYES) CALL DATAMR]
RETURN

END

CDC 6400 FTN V3,0=P261 OPTa0 02/10/72 12.53.49,. -
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SUBROUTINE DATAWRI TRACE COC 6400 FIn V3. 0-P261 OPT=0 02/10/72
"SUBROUT INE DATAMWRI
COMMON TIME {101 ¢ VELOC (691000 4 NCHANNC +LENARRsNF ILE+NRECOR SERLT
COMMON/UNPK /L TIME « ICOMWRDE200) « IDATHRD(1000)
D0 10 I=19+NCHANNC

10 WRITE (691) To(VELOC({IsJ)sJ=)l.LENAKR)

1 FORMAT{1HO ¢ 10X s% ANEMOMETER VFLOCITY DATA+ LEVEL NUMBER®]2/101
. (10F11.5/))
PRINT 2¢1TIME

2 FORMAT t)IHO+10Xs*ITIME AT BEGINNINGL OF RECORD*110)
RETURN
END

1253449,
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SUSROUTINE SKIPEOF TRACE COC 6400 FTN ¥3.0-P26] OPT=0 02710772

SUBROUTINE SK IPEOF
COMMON TIME{101) ¢ VELOC{6+100) JNCHANNC s LENARR yNF ILE « NRECOR+ IEXIT
COMMON/BRUF ANE/TDENT ¢ IPARITY o PACOAT s EOFMULWNTOTF IL+PLOT
COMMON/UNPK /T TIME» ICOMWRD LZ200) + IDATWRD (1000}
COMMON/BSKTPEQ/NF ILSKPyNRECSKP
NREC = 0
IF (NFILE ,GT. NFILSKP) GO TO 125
100 BUFFER INCLs X} UITIMELICNMWRD (L PACDAT))
1F (UNITE1)111Se1200110
110 NREC = NREC + 1
LEN = LENGTHI])
NRECOR = NRECOR e« |
PRINT 2+NFILE +NRECORsNREC+LEN
2 FORMAT LIHO+SX*PARITY ERAROR OCCURRED WHILE SKIPPING FILE®I2® RECORD
HIG/TATII® RECORDS HAVE HEEN SKIPPED. LENGTH WAS*#14)
G0 TO 100
115 LEN = LENGTH(]1)
KREC = NREC « 1
NRECOR = NRECOR + 1
IF (LEN .KE., LPACDAY + 1) WHITE(6+3) LEN/NRECOR+NFILE+NREC
k| FORMAT {1HD,SX*RECORD SKIPPED oF IMPROPER LENGTH. LENGTH wAS®*[&s7X
L*RECORD®*14% FILE®I242U12% RECORDS SKIPPED®)
GO 10 100
120 WRITE(&+4) NRECNFILE«NRECOR
o FORMAT (1HO«SX*SKIPPED*I)* RECNRDS ON FILE®I2® THERE WERE®*I4&* RECOR
D8 ON THIS FILE®)
NFILE = NFILE + |1
IF (IDENT LEQs 3MYES) CALL HEADER
NREC = @
NRECOR = 0 :
IF INFILE LE. NFILSKP)IGO TD 100
125 IF (NRECSKP .EQ., 0) RETURN
D0 160 1=)NPECSKP
BUFFER IN {lel} (LITIMEsICOMWRDILPACDAT))
IF {UNTT{11Y1304150+140
130 NRECOR = NRECOR + 1
MREC = NREC + 1
LEN = LENGTHIL)
IF (LEN JNE, LPACUAT + 1) WRITE(6s3} LENsNRECORNFILESNREC
GO TO 140
L40 NREC = NREC » 1
NRECOR = NRECOR ¢ }
LEN = LENGTHR (1)
WRITEL6:+5) NHECSKP «NFILEsNRECOR s LENSNREL
5 FORMAT (1H0,SA*PARITY ERROR QCCURRED WHILE SKIPPINGeI2# RECORLS ON
JFILE®IZ2/7X*RECORD®J4® { ENGTH® 14% RECORDS SKIPPED*I)
60 TO l&0 . -
1S0 wRITE (RebINF [LE +NRECORWNRELC
6 FORMAT{1HO.SX*EOF QCCURRED WHILE SKIPPING RECORDS ON FILE®E2/7X%LA
+5T HECOHD#*#T4+2X11% RECORDS HAVE HELN SKIPPED®)
160 CONTINUE
WRITETG6T) NRECINFILE
7 FORvAT(1H0.5%y]3* RECORDS HAVE HEEN SKIPPED ON FILE®E2)
RE TURN
END

12453.49, ¢
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SUBROUTINE VOLTADY TRACE

20
30
k1

az

33

40
4]

42

%)

1
51

se

53

50
61

62

63

70
71

T2

73

CDC 65400 FTN V3,0~P261 OPT=Q

SUBROUTINE vOLTADJ

COMMON TIME{103)oVELOCE6E+100) JNCHANNCsLENARRSNF ILE yNRECORs IEXTT

COMMON/HYOLTAD/ [ICHANGE + SCALE {6) + ZEROACT (6) o VOL TCHG 4 TIMELHG o
ISCALE(6)

IF (ICHANGE <GT. 0} READ (Se0l)C1SCALE (I} v1=190) s VOLTCHG TIMECHG

DO 90 I= 6

GO TO (30240+50+60+.T0eB0)]

60 TO (31+32+33)+1SCALEL])

SCALE(Y) = 4041656

ZERCACTI(I) = 2.799

G0 YO 90

SCALE(T) = 7TH.367

ZEROACTLIY = 2.413

GO TO 90

SCALE(T) =

ZERQACTIIY

60 TO 90

GO YO {4lau2+43) 2 ISCALE(])

SCALE(L) = 42,161

JEHOACTILY = 2,183

GO TO 90

SCALEL]) = B1,.437

ZERDACT(I) = 2.281

60 TO 90

SCALE(I} = 0.0

IERDACTII) = 0.0

GO TO 90

GO TO {S1+52+53) 9 ISCALE(])

SCALE(I) = w2.98}

ZEROACTUI) = 2,057

GO TN 90

SCALEL1) = 83.606

ZEROACT(IY = 1,883

GO TO 20

SCALECL) = 0.0

ZFERQACT{I) = 0,

GO TO 90

GO TO (51462¢63)+ ISCALE(I)

SCALE(T) = 42.869

ZEROACTII) = 1,67

GA TO 90

SCALECI) = 83.224

ZEROACT{[1 =3,065

GO TO 90

SCALE(T) = 0.0

ZEROACTIEY = 0.0

GO 10 90

GO TO (71472+73)31SCALELY)

SCALE(]1) = &T.070

ZERDACT{I} = 0,075

GO YO %0

SCALE(]) = 93.300

ZERQACT LYY = 0,330

GO T0 90

SCALE(IY = 0.0

0.0
= 0.0

0

c2s10/72

12e53.49y
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SUBROUTINE VOLTADJ  TRACE CDC 6400 FIN V3.,0-F261 OPT=0 02/10/72

ZERQACT{T} = 0.0

GO TO 90
B0 GO TO (BleB2+BI)+ISCALEL])
Bl SCALE(I) = &0.217

ZEROACTL]) = 3,764
GO TO 90
82 SCALELI) = 77.313

ZERQACTLIY = 3,639

G0 Y0 90
83 SCALELI) = 0.0

ZERQACTII) = 0.0
90 CONTINUE

ICHANGE 3 ICHANGE + 1
1 FORMAT (6112)sA3sF5.3)

WRITE [He2) .
2  FORMAT(LIHO.SATACTUAL YOLYAGE ¥S VELOCITY#SXeREGRESSION VALUES®/10X

LPLEVEL*SX*S_LOPECSX# INTERCEPT )

DO 100 I=1yNCHANNC
100 WRITE(S5e3) [+SCALECT}+ZERODACT (I}
3 FORMATIIHN +11XT1e7XFea346KFG, 1)

RETURN

END

12-530‘96
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SUBROUT INE

PLOTVEL TRACE CDC 6400 FTN ¥V3,0-PZ26]1 OPT20 02/10/72 12.53.4%9. PAGE

SUBROUTINE PLOTVEL
COMMON TIME{10)) +VELOC(&+000) JNCHANNC sLENARR oNF ILE «NRECORS IEXIT
COMMON/BPLOTVE/ELEVIG) +SUMAVE 16} o ISAMPLE ¢ LABELX (%) sLABELY (%)
. LTITLE (4) +HMULTIMEw IDATART
DIMENSTON AVEVEL ()
MULTIME = MULTIHE + |
WRITE(L»Y) TIME(IDATAPT~1)+NRECOR
1 FORMAT (1HO.SX*VELOCITY PROFILE PLOVTTED AT TIME®F9.3,.SK"RECORD NUMB
JER®I4H/T0X®VALUES USED FOR PLOT®SX®LEVEL#SX*ELEVATIONs M, oSXSVELOC]
«T¥s M/SEC*)
00 100 | = 1+NCHANNC
100 AVEVELLIY = 0.0
DO 210 I=14NCHANNC
AVEVEL{I) = SUMAVEIL}/1SAMPLE
WRITE (62} l.ELEvIlI-AvaﬁLIl)
2 FORMAT{IH 230XT1+L0XFO.3s13AF8.1)
110 SUMAVELT)Y = 0.0
CALL T0IDT (AVEVEL+ELEV2692+DUMLACGELX oL ABELYsLVITLE«+1)

ISAMPLE = n

IF (IkxIT ,EQe 3HYES) CALL EXJT
RETURN

END
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15

20

25

3o

39

UNPAK

L))

Lol =~}

[~

o

10

11
11
12
13
14
15

1&

311
1750

T17000000)
: 7100004000
43214
5110000000 C
6160000210 C
6170002260
6150000060
6110000074
Soligo000
6166000001
11621
67515
22656
671515

11760

0307000011 «
15660

14666

21601
56660
04567000000
0550000014
6150000060
4321
0400000005 »
20260
6155777763
0400000006 »

46302

»
LENGTHA
LENGTHB
.

NE
8

UNPAK

GET60
GET12

STORB

INMID

DONE

COMPASS — VER 2.0 M 02/10/72 12454416, - PAGE

IDENT UNPAK

INGERT LENGTHS OF PACKED AND UNPACKED ARRAYS
SET 201
SET 1000

USE /UNPK/

BSS LENGTHA

bB5S LENGTHB

Ust

ENTRY UNPAK

B55 1}

SET 18

SX0 40p0B

Hx2 12

SAl  nNE AL}) === FIRST WORD OF ARRAY (TIME WORD) [S IGNORED
586 A=l BiJ) BASE

587 RALENGTHE=1 BILAST)

s85 48

581 w0

SAL  alel GET AllL)

SB6  Rée]

BRo  x2ex] MASK QUT 12 BILYS

58S H}=dS RIGHT SAIFY

L& RS A& 8uT

$8S Ri-oS AVOLD SEIGN EXTENSION

BAT x6*X0 CK FOR S1G6N BIT
IR XT+5TQRE ’

gkt =X0%Xb MASK OUT SIGN BIT
Hie X6

BSS 0

AKb DELETE ZERO-BIT RIGHT-FILL
SAL RO STORE 1N BULJ)
£Q RO+B7+DONE

NE RS +BOINMID

585 od

HRg 12

EQ rETe0

{2 wd

585 HK5=-)2

EQ GET)2

EQU  UNPAK

END

STORAGE USED 4% STATEMENTS 10 SYMBOLS
6400 ASSEMBLY 04341 SECONDS 23 REFERENCES
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Computer Program for Determination of Temperature
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PROGRAM

Cs
cs

TEMPHUM YRACE CDC 6400 FTN V3.0=-P26]1 OPT=0 02/10/72 08.46,.42.
PROGRAM TEMPHUM{ INPUT»QUTRPUT s TAPESZINPUT 3 TAPES=OUTPUT o TAPE ] »
. FILMPL) :
DEBUG
ARRAYS

COMMON NFILE'NRECOR+LENARRANCHANNY TEMP (109 100} s WRITDAT
COMMON/BSORT/IBEGSKP+FALTOR, ISKIP
COMMON/BINSTCA/NINSCAL « VARITNCEXCITVOSRESES¢10+2) sCALRES(10+2) 0
. GAING]10)

COMMON/BCAL TRR/SLOPE 110V +»ZEROTAP(10)

. COMMON/HBBUF TEM/ [DENT s MULEOF « IEXIToNTOTFILoPLOT, IPARITY+ZEROT M

. JCLOCK
COMMON/UNPK/ I TIME « ICOMWRDC(200) « IDATWRO (1000}

COMMON/HSKPEOF /HADATASLPACUAT ,NRECSKP yNF [LSKP
COMMON/BHUMED/ S EGMA»BARPRES +HFATLATCP o CPV e HUM DT (10}
COMMON/BTAPECA/NCALVAL 2 VARITPLACTVOLTIS)
COMMON/BPLOTEM/AVETEMP (100 o TIME»ELEV(6) s LABELX (4) s ABELY (4} «LTITLE

. (4l

DIMENS JON RESISRC10) +SUMTEMP{]10)

DATA LABELX/40H TFHPERATURE »C /
N sLARELY/40H FLEVATIONWN /
. tLTITLE 74 0H TEMPFRATUKE PROFILE /

READISe1) CALTAPE«CALINSTswRITOAT 2 IOENT s MULEGF +PLOT + NCHANN ¢ LENARR »
NAVERECY IBEGSKP s I1SKIP o NINSCAL s LPACDAT¢NTOTFIL+EXCITVOs
FESISR{LNsAeBeCoD+ELTIMRAT + VARIIN s SIGMA S BARPRES s CPy
HEATLATsCPYeVARITR s (ACTVOLTII s I=1eSi o ARESIS{Ta1bel2Llsl0
Yo (RESIS{I42Y o 1=10bnl o (CALRES(Ip3)00=1010) s (CALRESCIe2) s
I1=1e1 Q) s (tELEVII) 0 I=146) sNCALV AL

FORMAT (6A338140 3FBL3/4F R 30 2F5 . 2e5¢ T3/ 1FS50245(F5.2)010(F5.2)7

- T0UFS.2) 2B FSe2)/4(F5,21010(FS.21261F6,3)0410)

REWIND
GRINT 3
FORMAT { 1HO 3 SXONOTE o, JCHANNEL 1 IS LEVEL 2, AMBIENT TEMPERATURE®/12

JHPCHANNEL 2 IS LEVEL 3» ORYS/12X®CHANNEL 3 IS LEVEL ke DRY®/1Z2XOCH

+ANNEL & IS LEVEL l+ WET®#/12X®CHANNEL 5 IS LEVEL b+ DRY®/1ZXPCHANNE

oL 6 IS LEVEL 4 WET®/L2X#CHANNEL T IS LEVEL S ORY=Z12A*CHANNEL B8
oIS LEVEL 5» WETo/12XK#CHANNEL 9 IS5 LEVEL 6y DRY#/E2X#CHANNEL 10 IS

JLEVEL 6+ WET#)

PRINT 4 CALTAPESCALINSToWRITDAT s IDENT + MULEQF PLOT s NCHANN s ENARR »
NAVEREC+ IBEGSKP 4 ISKTP sNINSCALILPACDAT sNTOTFIL +EXCITVOS
RESISRELI N sasBaColleELFTIMRAT o VAR INWSIGMAYBARPRES o CP s
HEATLATICPV!VAHI‘pi(lCTVULTl[I!]alO5)!tRES[Sl!ol’ll*lllo
Yo (RESIS(Ia2) ¢ 1=1ain) s (CALRESC(Iol)ol=ial0) o (CALRES([+2)
IStolO) o CELEVII)el=1eA) sNCALVAL

FORMAT I EHQw» CALTAPE =wpas CALINST =#A4e WRITDAT =s#Aus 1DENT =z=#Aé4

«% MULEQF =vA4® P OT =®A4/% NCHANN =¢]3% LENARR =#[4¢ NAYERLE =#{5

+* JBEGSKP =of2e [SKIP =el3® NINSCAL =PI2® LPACDAT =#lu® NTOTFIL =%

21278 EXCITVO =8F5,3% RESISR(L) S*F5.2% A =#F4,.p% B =0F7 3% C =eF7}

«ed® D=#F5,2% FoeF6,3/% TIMHAT =0F4, 1% VARIIN =#F5,2% SIGMA =#F7,.5

«® SARPRES =oFHB,2¢ CP Sef5,3% REATLAT =#F6.i% CPY 2#FS, 3% VARITP =8

FOuZ/7%ACTVOLTL] THRU 5)z85FS.1/% HESISIL THRU 10+1) =#}OFS.2/* RES

<151} THRU 10+2)} =210FS.2/% CALRESE] THRU LOsL) =#)0F5.2/% CALRES (]

1 THRU 1042} =®10FS.2/% ELEV() THRU &) =%6F7,3% NCALVAL =»[2}

TEAIT = 3H NO
JCLOCK = ¢
HADATA = 34 NO

PAGE
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PROGRAM

L

65

Tn

7S

An

RS

9n

95

ino

1=

TEMPHUM TRACE

FACTOR = SQRT(2.0) Z(2.0°%9-1,0)
NFILE = 1

NRECOR = 0

ZERDYIM = D.O

IPARITY = 0

MULREC = 1

00 100 ¥=)sNCHANN

100 SUMTEMPLT) = 0,0

S

IF (CALTAPE EQ. JHVESICALL TaPECAL
IF (CALINST JEQ. IHYES) CALL TNSTCAL
NFILSKP = | .

NRECSKP = 0

IF (NFILE .LE. ) CALL SKIPEOF
JCOLOCK = 0

ZERDTIM = 0.0

NRECOR = D

READISs5)FRSIREC

FORMAT LAD)

IF (FRSTREC .NE. JIHBAD) GO TO 200
NFILSKP = ¢

NrFCSKP = |

CALL SKIPEQF

200 CALL BUFTEMP

IF (1EXIT LEQ. 3JHYES) GO TO 4po
00 300 1=)+NCHANN .
DO 300 K=).LENARR

300 SUMTEMP (I} = SUMTEMP (L) « TEMPII K}

IF (NRECOR .LE. NAVEREC®MULREC) GO TO 200
GO TD 500

400 NAVEREC = MRECOR=-(NAVEREC®{MULREC=-]1)])
S00 DO 700 I=1.NCHANN

AVETEMBI]) = SUMTENP(I)/(NAVERECSLENARR) '
SUMTEMR (T 0.0

AVETEMP (1) = (SLOPE(I)®AVETEMR(]) + ZERQTAP(I)}/GAIN(])

FACTORY = AVETEMP{I)/EXCITVO

FACTOR2= RESIS(TI«1)/{RESISRILY + RESIS{I41))
AVETEMP(I) = RESIS{1,2)1/(FACTNR2-FACTOR] = RESIS(]+2)

IF (1 .6T. 11GO TO 700
DO &£G0J=2 s NCHANN

600 RESISRUJY = AVETEMPID)

700 AVETEMPUI) = A+38AVETENR({T) + CoAVETEMP(I)%#2 +DSAVETEMP{I)®#] »

2

N E=AVETEMP ([ ) nuy .
TIME = (TIVRATH (ITIME=ZEROTIM) /10000, )

HRETE(E22) TIMEyWRECOR Y (AVETENP (1) o |51 o NCHANNY
FOSMAT (IHD o # TEMPERATURES AVERAGED OVER 16 MINUTE INTERVALS.

COC 6400 FYN V3.0-P26]1 0PT=Q

o2/10/712

TIME

o *F3.3% SECS, HECORD NUMHER®T4//72A%CHANNEL L%4X*CHANNEL Z2®4X®CHAN
wHEL 3%4xsCHANNEL S#4X#CHANNEL S*4X+CHANNEL 6%4N*CHANNEL T%4X*CHANN
SEL BR*4xeCHANNEL 9#4X®CHANNEL 10%/3A°LEVEL 2#6K#LEVEL 3I%6X*LEVEL 1+
SEXE EVEL 1opaSLEVEL o@®AXSLEVEL 4®AXSLEVEL S*AX®LEVEL S®AX*LEVEL 6%
SOXULEVEL 6%/ 3X%AMYTENT*HXPORYE10XSDAYSLOXSWETS | OX*DRY* ) OU*WET®LOX®
JORYHIOXSWETR ] DX #DRYSJOX*WET#/IXF 6o 3% COSXFO,I% COSXFLLI® CR5XFb, 0% °

« Co5XFG,.3% CoOSKF6,3% CoSaFbads CH¥5KF6,3% CRSAFH.3% CASXFA.3I# C#)

CALL HuM1D ’
TF IPLOT .EG. 3MYES) CALL PLOTEWP
MULREC = MULNEC » |

08.46,.42,

PAGE
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BROGRAM TEMPHUM  TRACE
IF (IEXIT ,NE, 3HYES) GO TO 2n0
END

<4

CDC 6400 FIN V1. 0-P26) OPT=0 02/10/72 084542,
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SUBROUTINE TAPECAL TRACE

CDC 6400 FTN VI.0-P261 OPT=0 02/10/72

SUBROUTINE TAPECAL
COMMON/BTAPECA/NCALVAL s VARITP ,ACTVOLT {5)
COMMON/BCAL TBR/ZSLOPE (10) o ZEROTAP (10)
COMMON NFILE-NRECOR-LENARR’NCHANNGTENPIlﬂolﬂﬂl-HHIFDhT
DIMENSTON SUMCALlID).SUHTAPllnI.SQVALUEtlo)-SunACTIIOJ-ACI X Tap{l
. oluSUMSQ(looSI:RECHFANIIQI-lOTNEANIlD.SI.IEFHEAN!IDI-SU
- MEANC]O) + TEMPSUNILDY e STANDEV(1045)
ICHECK = 0O
NSAMPLE
LASTCAL
ICALVAL 1
DO 100 I=)eNCHANN
SUMEANCI) = §.0
TEMPSUMLEI) = 0,0
SUMCAL(T) = 0.0
SUMACT L) = 0.
SUMTAR(I} = 0
SQVALUE(]D) =
ACT X TAPIL)
TEPMEANITL) =
RECMEANLI) =
DO 10&J=1eNCA
STANDEV(Ss )
TOTMERN{Ls ) =
100 SuUMSQ{l+J) = 0,
200 CALL BUFTEwmP
GOTOAUF = 3H NO .
IF LICALVAL «€0. NCALVAL) LASTCAL = LASTCAL + |
DG 300 K=1.LENARR
DO 300 I=l+NCHANN
300 SUMCALETF = SUMCALL]) + TEMP{[eK}
IF {ICHECK .GT. Q) Gp To BOO
NSAMPLE = WSAMPLE + |
WRITE(Gs1) NRECORs [CALVAL+ACTVOLT{ICALVAL)
I FORMAT{IHOSX*RECORD MEANS®* 4 XaRECORD NUMBER® 14+ 7TXSCAL IBRATION®] 2y
AN INPUT VALUE‘FS.]/IllOCHANNELOIOI*NEAN‘I3X'CUNULAFIVE MEAN® &X
« PNUMHER RECURDS FOR CUHULATIVE MEAN®)
D0 600 I=1.NCHANN
RECMEANIL) = SUMCALLI) / LENARR
WRITE(6e2) JoRECHMEANIT)
2 FORMAT{IH 412Xe124104eFR &)
IF {NRECOR ,tQ. 1) GO TO 400
IF (RECMEAN(T)} ,GT. TOTMEAN{L.ICALVAL)+ VARITP .0, RECMEANII}
. oLTe TOTMEAN(I+ICALVAL) = VARITP) GO T0 700
400 00 500 X=]._ENARH
SO0 SUMSQIT+TCALVALY = SUMSD(T.ICALVAL) + TEMP{TsK}Be2
SUYEANIT) = SUMEANILY + RHECHEAN(I)
SUMCAL (L} = 0.0
TOTHEAN I+ TCALVALY = SUMEAN(T)/NSAMPLE
600 WRITE(G44) TOTMEANUT, ICALVAL ) JNSAMPLE
& FORMATU(IA 44t XeFBete25Ks]13) .
GO TO 2p0 . .
TO0 NSAMPLE a NSAMPLE = )
ICALVAL = [CALVAL + ]
BOD IF {(ICALVAL .GT. NCALVAL A, LASTCAL .6T. ) GO TO 1300

0
0

G042,

PAGE
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SUBROUTINE TAPECAL TRACE CDC 6400 FIN V3.0-P261 OPTa0 02/10/72 08.46442. PAGE

S

6

ICHECK = ICHECK + }
WRITE(6+5) NRECORs ICALVALyACTVOLT C(JCALVAL)
FORNAT {1HO .SX#TEMPORARY MEANS#BX*RECORD NUMBER®I4+10X*CAL IBRATION
#1240 XRINPUT VALUE #FfS5,1/31X*CHANNEL*10X*MEANY}
D0 1100 I=)aNCHANN
RECMEANCIN = SUMCAL(I)/LENAPR
WRITEf&+6) I+ RECHEANIT)
FORMAT(LH 412XKJ2+10XFB.a)
SUMCAL (LY = 0.0
FF {1CHECK LEG. 1) GO TO 1000
D0 900 K=1.LENARR

900 SUMSQITICALVAL)Y = SUMSQ(LeITALVYAL)Y ¢ TEMP{JeK)uu2

1000

1100

1200

1300
8

1400
9

1500

1585¢
10

1600

11

TEMPSUM{TI) = TEMPSUM(I) + RECMEAN(])

IF IRECMEAN(T) ,GT4 TOTMEAN(ILICALVAL=1) ¢ VARITP .0+ RECMEAN{I)
. #LF. TOTMEAN{ISICALVAL=1) =VARITP) GOTOBUF = 3IHYES

COMTINUE

IF (ICHECK LGT. 3) GO TO 13p40

IF (GOTORUF JEQ. 3JHYES) GO TO 200

D0 1200 I=l«NCHANN

TEMPSUMITIY = 0,0

SUMSQITICALVALY = 0.0
IcHfCk = 0

ICALVAL = JCALVAL - 1
GO TO 200

FEND = 1CALVAL - 1}

WRITE(6+8) TFND L ACTYDLT LIEND) :

FORMAT {1HO 7+ SX#STANDARD DEVIATIONS*10X*CALIBRATION®I2:SX®INPUT VA
SLAUERFS, 1 /7T X CHANNEL® 1 OX*RMS*)

DO 1400 I=).NOCHANN

STANDEV(I+JCALVAL=1) = SQRT(SUNSQI[+ICALVAL=1}/(NSAMPLE*_ENARR} -
' TATHEANS Lo ICALVAL=1)9#82)

WRITE(649) 1o STANCEV L] » 1IEND} .

FORMATIIH 412X[2+TXF3. )

NSAMPLE = TCHECK = 1

D0 1500 I=]1sNCHANN

SUMEANIT) = TEMPSUMLL)

TOTHEANIL e TCALYAL) = TEMPSUM{T) /NSAMPLE

TEMPSUMETLY = 0,0

ICHECK = 0 :

IF t1CALVAL .LE., NCALVAL) GO TO 200

WRITE(6+10) NHECOR

FORMAT (1 HO+SXSACTUAL VS TAPE VOLTAGE®*1O0K®LEAST SQUARE METHODRSXeNU
LMBER HECORDS USED FOR CALCULATIONS*IN)

DO 1700 ] =) +NCHANN

00 1600 J=1+NCALVAL

SUMTAP{I) = SUMTAPR{]) + TOTME&N({I+J)

SQVALUE{L) = SUVALUELI} + TOTMEANELsJi®e2

ACT X TAPLT) = ACT X TARUT) » TOFHMEAN(I.J) ® ACTVOLT(J}

SUMACT (1Y = SUMACTLL) « ACTVOLT{J)

SLOPEIF) ={SUMACT (I} = SUMTAP({[) = NCALVAL®ACT X TAP(I})/
. {SUMTAR I Ty e2-NrAL VAL *SOVALUE(T)

ZEROTAPIT) = (SUMTAP(EI®ACT X TAP(]} = SUMACT(I)*SOVALUELIN)/
R {SUMTAR L) ##2-NrAL VAL 2SAVALUELT) )

WRITE{G6»1L1} I (ACTVOLT( i) s TOTMERNL 2 d) o =1 s NCALVALY

FORMAT{IN L10XeC H A N N E L*13/1SA*VALUES USEY FOR LEASY SQUARE C



,

L POWRMAL LR YA M AN

SUBROUTINE TAPECAL TRACE COC 6400 FTN V3, 0-P26] OPT=0 02/)10/72 00.46.42.

+ALCULATIONS®*10X® INPUT VALUESSKETAPE VALUES/(69XF&.1+11XF6.3)7)
1700 WRITE16+12) SLOPECL) o ZEROTAPIT)
12 FORMAT(IHO,]15X®VALUES OBRTAINED FROM LEAST SQUARE CALCULATIONS® TX®
JSLOPE#*AXS INTERCEPT#/6BXFS. 3+ 11AF5.3)
RETURN
END

PAGE
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55

INSTCAL TRACE COC 6400 FTN V¥3.0-P2b) OPY=0
SUBROUTINE INSTCAL .
COMMON/BINSTCA/NINSCAL ¢+ VART INLEXCITVOSRESISH1042) v CALRES(1092) 5

. GAIN(10)

COMMON/BCAL IBR/SLOPE{10)»ZEROTAP(10)

COMMON NFILE+NRECOR+{LENARRoNCHANN TEMP {104+ 1001 4WRITDAT
COMMON/BSKPEOF /BADATACLPACDAT JNRECSKP o NF ILSKP

DIMENSTIDN SUMAVE{1Q) s+ TSUMAVE (10) «SUVALUELI0) +STANDEV (1042} ¢

- TOTAVE L1022} s SUMTEMPLLO) o TSUMSQTL0} s ACTUAL {10,

. AVEREC(10)

NRECQR = 0
BADATA = 3JHYES
00 100 I=)sNCHANN
SUMAVE (T} = 0.0
TSUMAVE(IY = 0.0
TSUMSOLI) = 0.0
SAVALUEILT)Y = 0,0
SUMTEMPLT) = 0,0
DO 100 K=14+NINSCAL
STANDEV(Iskl = 0,0
100 TOTAVE(F+K) = 0.0
INSCAL = 1
ICHECK = 0
NSAMPLE = ]
LEVEL = VOHZERY INPUT
200 CALL BUFTE#P
1F INFILE .GTe 1) GO TO 1050
GOTORUF = 30 NO .
LG 400 I=le¢NCHANN
DO 300 K=1l,LENARR
300 SUMTEMP (L) = SUMTEMP(I} + TEMP{L:K)
AVEREC(I) = SUMTEMP(])/LENARR
400 SUMTEMP LI = 0.0 .
IF IICHECK ,0T. 0) GO TO 800
IF (NRECOR LEQ. 1) GO To 500

IF (ABSUAVEREC(1)) oGT. ABS{TOTAVE{1«INSCAL)} + VARIIN} GO TO 700

S00 WHITE(6e3) NRECOR«ENSCALLEVEL

02/10/72 08.46.42,

3 FORMAT {1HOSX*RECORD MEANS®4X«RECORD NUMBER® 14 4 TX®CALIBRATION®1Z44
WHPINPUT AR/ INSCHANNEL® 1 0 X*MEAN® | AX*CUMULATIVE MEAN®GXSNUMBER OF

» RECORDS FOR CUMULATIVE MEANS)

DO 600 E=1NCHANN

SUMAVE(T) = SUMAVEILL) + AVEREC(I)

TOTAVEC(I+ INSCAL) = SUMAVELL)} 7 NSAMPLE

WRITEEw 2 Ie AVERECLI) s TOTAVE ( T+ INSCAL ) o NSANPLE
2 FORMAT(IH 4 ]12Ka1ls)0KsFR.0s]laxaFBats25%+413)

D0 400 K=l4LENARR

600 SOVALUFLE) = SQUALUE(E) + TEMPI[.K)ue2
NSAMPLE = NSAMPLE ¢ 1
60 TO 200

700 INSCAL = INSCAL + ]
LEVEL = 10HFULL SCALE
A00 ICHECK = JCHECK + )
IF CICHECK .EQ. 1)} GO TO 200
TEMND = [CHFCK = .
WHITE [Eed) NRECOR INSCAL #LEVEL

[ FORMAT LIHO,SKPTEMPORARY SUM DF MEANSS4XSRECORD NUMBER® 14y 7XPCALIBR

PAGE
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SUBROUTINE

L)

™

75

An

AS

9s

100

108

INSTCAL TRACE COC 640G FIN VI, 0-P26]1 OPT=0 02/10/72 08.46.42. PAGE

SATION®I2,4X*INPUT #A10/] IX#CHANNEL®10X8SUM OF MEANS®]3IX®NUMBER OF
LRECORDS IN SUN#)
DO 908 [=)+NCHANN
TSUMAVE(Y) = TSUMAVE(L} « AVEPEC{I)
WRITE(6+S) T TSUMAVELT) » TEND
5 FORMAT{IH 4 13Me[2+16XF6.3927112)
DO 900 KzlsLENARR
300 TSUMSQ(T) = TSUMSQUL) » TEMP(]eK)®e2
IF {ABSTAVEREC{1)) «GTe ABS{TNATAVE(LsINSCAL=1)) + VARIIN)
N GOTOBUF = 3IHMYES
If (1CHECK .GT. 3% GO To Lldo
IF¥ (GOTOBUF LEG, IMYES) GO TO 200
DO 10001=)1+NCHANN
TSUMAVE (LY = 0,0
1000 YSUMSULI) = 0.0
LEVEL = LOHZERO INPUT

ICHECK = 0
INSCAL = INSCAL = 1
&0 TG 200

1050 INSCAL = INSCAL + )

NSAMPLE = NSAMPLE - )
1100 IEWM = [INSCAL = }
LEVEL = 10HZERO INPUT
IF (IEMD €0, 2) LEVEL = MOHFULL SCALE
WRITE(Go&) TENDLEVEL
& FORKMAT (1HO+SX*STANDARD DEVIATIONS®10X%CALIBRATJON® [295K¢TNPUT *A)0
o/ T1IXECHARNEL #1OX®RMNS) -
DO 1200 T=1.NCHANN
STANDEW (1+INSCAL=11 = SORT(SQVALUE (1) {NSANPLELENARR}~ TOTAVE(],
. INSCAL-1)me2)
1200 WRITE(6+T¥I+STANDEVI]s]IEND}
T OFORMATIIH +12K12+TUF9,3)
NSAMPLE = [ICHECK = ]
DO 1300 I=1+NCHANN
SUMAVE (L) = TSUMAVELD)
TOTAVE L1 INSCAL)Y = SUMAVE(])/NSAMPLE
SOVALUE(]) = TSUMSQ())
TSUMAVELL) = 0,0
1300 TSUMSQ(I) = 0.0
ICHECK = 0
NSAMPLE = NSAMPLE + |}
LEVEL = 10MFULL SCALE
IF (INSCAL JLE. NINSCAL) GO To 200
1400 DO 1600 [=1«NCHANN
DO 1500 m=14MINSCAL
15060 TOTAVE{I+KY = SLOPEIL} # TOTAVE({[sK} + Z2EROTAR(Y)
ACTHAL (11 = EXCITVOM ({RESIS{I I}/ IRESIS(I 1) sCALRES(121))) = {RESI
. SIvZ2)7EHESTIS(1+2) « CALRES([»2))))
GAIN{I) = (TOTAVELI+2) = TOTAVE(I«))}ZACTUALATY
1600 wRITE(6H4B) I-TOIAVE(lol)’TOTAuE(l-a)nACTUAL(I)oGAlNIIl
B FOIYAT(IH0,10K#C H A N N E | *13/1SK8VALUES USED FOR GAIN CALCULAT]
«ONSH*10X* [NPUT*SX2TARE VALUE*SK®ACTUAL VALUE#/SOASZERQOSTAFE .3y 1 2X40
s /SEXSFULL SCALE®4XFE . Vsl INFOL.I//1SHBGAIN COMPUTED®F 10,3}
RE TURN
END
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SUBROUTINE  BUFTEMP TRACE

1
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200
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400
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SUBROUT INE BUFTEMP

COMMON/BEUFTEM/ TDENT s MULEOF ¢ JERITaNTOTFIL4PLOT s IPARITY»ZEROTINy

JCLOCK

COC 6400 FTN VI.0=P241 0PT=0 02/10/72 08.4b.42,

COMMON/BSKPEOF /BADATA+LPACOAT ¢NRECSKP o WF ILSKP
COMMON NFILEsNRECOR+ ENARRoNCHANNSTEMP (1041003 s WRITDAY
COMMON/UNPK/ITIME o 1ICOMWRD (2001 +» LDATWRD- (1000}

IF tIDENT LEQe JHYES <A. BADATA

CALL HEADER
CORTIME = 3H NO

BADATA = 3H

NO

NRECOR = NRECOR + )
BUFFER IN(1y]1) (ITIMEICOMWRD (LPACDATY)
IF{UNITEL)1S00Q+200+400

WRITE(6s1) NRECORWNFILE
FORMAT (1H0+* THERE ARE®]S® RECORDS ON FILE®*II)

NHECOR = 0
IF tMULEOF

GO T0 100

«ME. JINYES) GO TO 100
NFILE = NFJLE + 1
IF (NFILE .GTa. NTOTFIL) GO TQ 10O

«€EQs IH MO A, NRECOR JEQ.

IF {PLOT .EQ. 3HYES) IEXIT = 3IHYES
IF (PLOT JEQ. 3IHTES) RETURN

CALL EXIT

WRITE{6+2) NRECORNFILE .
FOAMAT (1HOs* PARITY ERROR IN NATAs RECORD®IS® FILE®I3)
IPARITY = [PARITY » |}

WRITE (693)

TPARITY

FORMAT (1HO 4% THERE HAVE BELN®*[I® PARITY ERRORS®}

CALL UNPAK
CALL SORT
IF (4RITDAT
GO TO 6040
CALL UNPAK
CALL SORT
iF {NRECOR

ITIME = ITIME + JCLOCK * 993999

IF {CORTIME
RETURN
END

EQ. 34 NO) CALL DATWRLY

«EQs 1 oA ITIME NE. 0) ZEROTIM = ITIME
IF UITIME=-999999 .GT, =12000) CORTIME = 3WYES

«E0e IHYES) JCLOCK

JCLOCK + ]

PAGE
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SUBROUTINE HEADER TRACE

5
100
1
200
-4
in

CDC 6400 FTN V3.0-P261 OPT=0

SUBROUTINE HEADER

COMMON NFILEsNRECORsLENARRyHCHANNo TEMP (105100) +WRITDAY
DIMENSION 1D(2}

BUFFER IN{1+0) (IDtY1reIDI2))

IF (UNETIL1) 2004100,100

WRITE(6+1} NFILE '
FORMAT{1HO.® PARJTY ERROR OR FOF IN HEADER OF FILE NUMBER®*[3)
WRITE(6+2) NFILE«({ID{L)sIaLle2}

FORMAT (1H0s¢ HEADER ON FILEsIq* 15 =2110)

RETURN '

END

02710472 08.46.42,

!

PAGE
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SUMROUTINE  SORT

100

200

TRACE CDC 6400 FIN ¥3.0-P261 OPT¥=0 02/10/72

SUBRQUTINE SORT

COMMON NF 1L E +NRECORsLENARR s NCHANN TEMP 110+ 100) ¢+ WRITDATY
COMMON/BSORT/TBEGSKP +F ACTOR ISKIP
COMMONUNPK A 1T IME» ICOMWRD {2001 + IDATWRD{1000)
M = IBEGSKP

L =20

00 200 I= 1+ENARR

DO 100 K=L1+NCHANN

TEMP{K3I) = TDATWRDUIM « L) * FACTOR

L=t +1

L =0

MzM ¢+ TSKIP

If (WRITDAT .EQ. JIHYES) CALL OATWRIT

RETURN

END

Q846402

PAGE



SUBRQUTINE DATWRIT TRACE CDC 6400 FIN ¥1.0-P261 OPF=0 02/10/72

SUBROUTYINE DATWRIT
COMMON/UNPK 71T IME» ICOMNRD {2000+ TOATWRO (1 000)
COMMON NF ILE + NRECOR s LENARR ¢y NCHANNS TEMP {10+ 100) ¢ WRITDAT
WRITE1%4+1) NRECORe ITIME
e 1 FORMAT(1IHOs® RECORD NUMHER®*IS» ITEIME IS#110)
DO 100 1=)sNCHANN
100 WRITE!S6+2) 1o (TEMP (14K} K= sLFNARR)
2 FOAMAT(EHD.# TAPE CHANNEL NUMRER®I[3»/+(16FB.3)}
HETURN
1n END

/57

0846442,
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SUMROUTINE SKIPEOF TRACE CDC 6400 FIN V3,0-P261 OPT=0  02/10/72

SUBROUTINE SKIPEOF ]
COMMON/BSKPEOF /AADATA»LPACDAT NRECSKP o NF ILSKP
COMMON/BBUF TEM/TDENT 4 MULEOF o IEXIToNTOTFIL oPLOT o IPARITY » ZEROT INe
. JOLOCK
COMMON/UNPK /1T IMEs ICOMMRD(200) o IDATWRD 11000}
COMMON NF I E+NRECOR+LENARRsNCHANNS TENP1104100) 4WRITOAT
MNREC = @
IF (NFILE .GT. NFILSKP) GO TO 500
100 BUFFER INU(L1+1}{ITIME.[COMWRD{LPACDAT)}
IF CUNIT{1)1300+900.200 -
200 LEN = LENGTH(L)
NREC = NREC + |}
NRECOR = NRECOR + |
WRITEL69]1) NFILE +NRECORsNREC i EN
1 FORMAT(IHOSA*PARITY ERROR OCCURREL WHILE SKIPPING FILE®#]2% RECORD
+*14%. 0130 RECORDS HAVE BEEN SKIPPED. LENGTH OF RECORD®[a}
GO T0 100
300 LEN = LENGTH{L)
' NREC = NREC + 1
NRECOR = NRECOR + )
IF (LEN .NE. LPACDAT » 1) WRITE(692 INRECORsNF ILE oLENSNREC
2 FORMAT f1H045X*RECORD ENCOUNTERED OF IMPROPER LENGTH. RECORD®I4® F1
«ILE#128 LENGTH®[s2X13% RECORDS HAYE BEEN SKIPPEDN)
GO TO 1co
400 WRITE (6+JINRECINF [LEJNRECOR
3 FORMAT(1HO,5X13* RECORDS HAVE BEEN SKIPPED ON FILE#I2%, THERE WER
JE¥14® RECORDS ON TnlS FILE®)
NFILE = NFILE + |1
NREC = 0
NRECOR = 0
IF (I0ENT EGe 3IHYES) CALL HEADER
If (NFILE .LE« NFILSKP) GO TO )00
500 IF (NRECSKP LEQ, U} RETURN
DO 900 I=1+NREC3KP
BUFFER INCLe ) I {TINME . ICOMWRD (L PACDAT))
IF tUNIT 1101800+ T004500
600 NREC = NREC + 1
NRECOR = NRECOR + )
LENM = LENGTHIL)
WRITELS 4 I NRECORWNF ILE « NRECSLEN
4  FONMATLIHOWSX®*PARITY ERROR OCCURREL WHILE SKIPPING RECORD® [4% ON F
+JILEe12®,02x ] 3% RECORDS MAVE BFEN SKIPPED. LENGIMRI4)
GO TO 900
TOO WRITE(6+SINRECORNFILE «NREC .
5 FQUMAT { 1n0« SX*EOF OCCURRED WHILE SKIPPING RECORDS. LAST RECORD WA
«5%14% ON FILE®IZ2e2X[3% RECORUS HAD BEEN SKIPPED.®)
G0 TO 9040
BOO NKECOR = NRECOR + )
NREC = NREC « ]
LEN = LENGLTHCI) .
IF (LENJ.NE, LPACDAT + }} WRITE(Es2INRECOR¢NF ILE yLENSNREC
900 CONTINUE
WRITE L&y SINREC o NF [LE WNRECOR
6  FORMAT(In0,5KI3* RECORD(S) HAVE BEEN SKIPPED QN FILE®]2e, RECORD
JNUMBER 15%14)

GBubba 42,
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«NUMEBER 15%14)

SUAROUTINE SKIREOF TRACE

RETURN
END

CDC 6400 FTN VI.0-P26) OPT=0 02/10s72 08.464%2.
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